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Preface

esearch Reviews are being issued to analyze and synthesize research
related to the teaching.anflearning of science completed during a
one year period of time. These reviews are developed in cooperation
with the National-Association for Research in Science' Teaching.,
Appointed NARST committees work with staff of the ERIC Clearinghouse
for Science, Mathematics, and Environmental Education to evaluate,
review; analyze, and report reseaEch results. It is 'hoped that
these reviews will provide research information for development
.persoffM, ideas for future research, and an indication of trend
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A SUMMARY OF RESEARCH::
IN SCIENCE EDU.CATIOW-1979

David P. butts
Li iiveYsity ii,Georgla .
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USING RESEARCH TO fiRDERSIAND TOE SCI EN CI LEARN INGrCONTiXT
t 1 r I

,4 . i ' ,a ' r"
. 0 4,- A Search-1'0148a 'Order O.1 Ideas 4,* 4 ,,.

- 4 ' . ., N.
..-- .. .__, .

, ,
, Researql* in sciencoe education is the search for relevant variables

by which, .we. caii -both understand and nurture, Itientific litearcy..c.In
tide search, they reality Of the science leatning.Cofttext may be.tede ..- ..

. : to fit 01,1r conceptiializatori of that context: Or, it is .possible that 0
... -: out, idea*ibOut...,,the scienCu'learnini context !are ,lit*reili on what is .,

o: ..*, found. in that context. Brunswik (1952)- aptly,deeir.ibed, the second
POssIbility as the desired one, "Let the order a.. ideas; be.theiorder .

,.. ;of things." <jut what is' the order of thinge2 Whit. occuts when students
'....learn icience40ebecome scientifically. lite=rate? ,

. .i
,:

_, -i 2. - it ' .

vii . . .:. . ,

.." Whenlliarnipg,entriroutnent and,,, in the -Case othirs research ,.

..-, reviiv, the-.sciencve -learning environment .ii reflected u. it d
P. , .

upon, its or er
oi t seems to depict threetom,ponentt.'Thtere are the personal interactions

:among teacher and students: These interactions arepart of an .
. instruct tonal interact Ion. Ithet ;inCl ndes WO the co iik.ent tad the '
Iethodotrgiel used'. The amount and

. sousee_f, the 'conrrbl ;91.- both ttie ,

personal and- instruction interactions are shared in varying degrees: by
/ ths teacher and the students. Surroinding, these, interactions are the

11;14'

44,

.

,

41:

rs
. - e x p e : c t at ions 0fi-etii 00 ks as they reflect what suclety 01 general expects . ,dit. .

.
.- i these institutions accomplish. 4k . .

-; f,. $. ,-- . 0.._ .. - .. .:.- . * . ..1,t.',..
-. . 4. Learnito in_ scien=ce thtis influenced' by botlf.theAktructional

1*e:fad ikons and thy/se in 'other areas of- the schooling exemience, as '
.well'-as 6y -the home, comihunity and, broader social piessurelit Figure
1 illustrates how "the orrier.of things" ii!clu'des.wh'et 3.8 happening in

At' sconce learning context as part of a much larger etkirorukint. It
,,is iii. the 'Cott' environment. that 'why cues are available to *fp.. u s .

. uudersta.n4i "end nurture the science learning, conteict.' e
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' t4 . US IC to the flordef of ideas' inapt t hi 'order of things" is the
4

, aslumpt ion that.cOes in in .environment must . be perceived and that
41

jlidgOental responses muSt 1pe,ma tteto -them. 'Ph addition, what we do;
outs responies", arrin part shaped 6y .what we perceive to en the copse-
quinces"ot 'at action -(Woo ruff, 1968). ,Our research can help us

. tbaveta,,riche perception-of cues from, our science learning contexts--
. andand ie-oah4,help us make wis E responses to our new knowledge. illaismond

1 (1960. delittibed la reatiOnpleVlor this:, . ' ,

4i4-1:. .
-;*" 1 k

, . a, e. -
, + ., h order for the brgani m.to perceive correctly (i.e.,, to.,:\c.;, - :,, .1 1-Athieve) th'e- intended .o ect ," the b,rganism wit have Ardor-,

rtriabkon a out :it, ".infq t ion is provided by, the .pt imulation
: t , at tlieprox:imal layer; stimulus in thig region is referred-'.

' 't ".; togas ;seri ty cue& ,S ch cues are" the physial stimuil -
,

,impinging o .the Autfac of tbe orwism,. but 'they are more
than that. ey are tea local' signs that havg a reference

1.
iri.the world tt'objects Put "otherwise, proximal stimuli
reOlocal re_peetentitivis of distal objects or distal

4 *variables (p 26). I, , /: . i4 ' 4
1 I - .

! 1
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. e t
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Figure 1. 'Diagram of the contexts for
interaetionvithin the --

edu.cational experience.
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Tolman and.Brunswik(1935), desc ibing this situation, stated:\

tatives the organism comes
e local representative in

to the fact of amore
the entity refire-

By means of such local represe
to operite in tge presence of't
a. manner more or less appropriat
distant object or situation, that
seated. (p. 43)

.

Hammond (1966) continues:

The proximal stimulus then' is a local rep esentative that
'provides only.a "hint" in an uncertain sit ation_as to the
nature of the objet. Not only must the organism have
information in order to achieve a distal obj t, it must
have a'meins for achieving its goals. (in 26)

.
The Order of Ideis in Research in Science Education

To describe research in science teaching is to assume that one
has an operational picture of this subject. In the ancient day

this assumption was well described by the storyof the six bl nd men
of Industan as each one in his own way was carefully describin the

subject'of his attention. Each was 'sure his description was pte ise
and accurate. From today's vantage
author of this Cape was correct in
to grasp the complete; dimensions of
the arrogance of the author of that
indeed, see the complete picture?

point, it is evident that the
that each of the 'six men faile
their search. But what about
fablein assuming that he could,

To describe.researcii in science teaching does seem to imply that
we can stand high enough on the shoulders of colleagues to be able to
view the domain encompsped by the subject. Is our order of idea'
governed by the order of things? Which research studies should be
considered the benchmarks of-research in science teaching? SAppo,se

one were to list the 21 research studies c idered to be the most
important in science teaching. Which would e selected? A more
relevant question would be--by what triter a would they be selected?

In a volume describing research during.1948- Swift, 1969). the
criterion.for selection was the numfler of times the research study was
quoted in other research studies. While that criterion may not be
adequate, what better onecould be used! 'Ebel (1967), for,example..
suggests that the relevance of research to practice is an appropriate,'
criterion. . Lamke (1955) suggested that

If the research in the previous three years of medicine,
agriculture, physics, and chemistry were to be wiped out,
our life Ild be changed materially. But if research in
the area o teacher personne in the same three years were
to Vanish, educators and edu ation would continue much as

usual. (p. 192) r
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In what imy is..-research in science education relevant to practice?
Is it relevant to teaching? Gage (1968) emphasizes that the nded in
educational research is precisely the teacher's behavior. Gage states
that

It is all right for a teacher to know about learning, to .

know her subject matter, to 41ave appropriate instructional
material, and to fit into a given organization for 'instruc-
tion. But what Weather really wants to know is "What

'should I do in the classroom?" (p. 119

On this one dimension, what does the research in science education.
have to say to a teacher at any level: elementary, junior high, high
school, college or teachef educator?

Research on science teaching and learning represents two clearly
defined tasks. One is research dn,learning which Gage (1968).defines
as.dealingwioh those conditions under which 'earning or change in
behavior due to experiente occurs. Research on teaching, hOwever,
includes the conditions under which learning occurs in one person--
or.the conditions established by the behaviors of another persOn.
Is the teacher a helpful assistance or a hindrance to learning?
Indeed, it experience necessary for learning? The eontrasts between
teaching and learning are further illustrated in crecent statement
by Piaget (1970). When asked about what specific points of his work
were most relevant to educational changes, Piaget (197.0) stated

In my vt, our most decisive finding is that knowing in
its various manifestations does not uniquely derive from
external world through mere perceptual experiences, or
through social transmission, but supposes a construction
activity on the part of the subject., However, oneshould
not-assume that knowing is written'into-a subject from :
his beginning as innately given and a priori. Rather, it
implles that each developmental stage and for each new
problem some aspect of real construction.- This I can see
above allthe problems for the school. What in fact'should
be its goal? Is it to produce individuals who. can repeat
what is known already and who canregister and accumulate
in their memory the sum of the already'acquired knowledges,
or rather.:should the goal of education be ;o.produce a
p,ersdn who is in differing degrees or at least within the,
domain of his chosen activity (if not on all 'domains).
capable of creating and discovering new things, an
vidual whp sari contribute something new to the knowledge
of previous generations? For my part,'Iwould think that
if one succeeds in developing the creative mind of an
individual, he will have all his life to consult libraries
and learn all the acquired knowles. Whereas, if one
limits oneself to shaping individualswho only repeat what
they have learned, they will never kno0 howto discover
new solutions. The aim of education above all is to '

foster a creative mind in the thinking-and doing of the

1 .44
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child and consequently to emphasize as much as possible

Individual initiative does not.ii-eatr,that the child can do
whetthe pleases. It implies tome material prerequisites in

.
challenging situations that pose Problems to the child's
mind that oriemt him in certain research directions: At
the same time the teacher must be content to stimulate'and
lead thechild in appropriate direction without giving
solutions to him from tie beginning. The teacher must
give the child the opportunity to rediscover as much as
possible instead of merely learning from external authority.
-In th # manner, the child will grow into an adult who in
rea fe is capable of finding new solutions. (p.1)"

.

For the learning psychologist, further studies on learning are
both needed and important. The science education researcher should
use allavailable assistance in providing inetructional strategies'
with an empirical base to aid a teacher in deciding which instruc-
tional.strategy to use When and for which students. We hive the
question, Nhat.should I do in my classroom?" How can this questi9n
be approached? Gage (1968)i Medley (4979), and Rosenshine (1979)
haVe suggested tha; much effort has'been expended inrither fruitless
Studies to identify the effective teacher.- The results of the search
forthis elusive concept-have served'to convince many scholars and
researchert that, rather than global concept of effective teaching,
one should-empiridally establish small or micro criteria for effective
teaching. A strategy.fordOihg this has been identified'by'Gagne
(1967) when he said'that he still is not.ready to repudiate.his
assertion made ten years ago that the.best source of experimental
problebs in he study of problem solvingis an examination of people
solving prob ems. By extrapolation thehv the best source for study-
ing teaching isto study/people teaching.

Knowing h w to teach appears to be a similar way .to express the
r

question "What should I do?" Is there a single `way to do itt'As
*described by Medley (1979), this is a search for the best method of
'teaching. Analysis of classroom behavior is not a new subject of
interest to researchers. Anumber of systems (Ryans, 1963; Jackson,'
1966 Cronbach, 1961 Biddle, 1964; Carroll, 1965; Siegel and Siegel,
1967; Flanders, 1964; Meux and Smith1964) have been generated as
ways to 'describe classroom behavior. In many ways.these,,sime.cater
gory eysteis-haVe been used to assist teadhers in acquiring new '; e P:
strategies of instruction. Faced with this plethora of systems,..

_ which is he hest?
-

.

The answer to thisqueition will essentially be embedded in one's ,

assumption aboutteaching. Analysis of people teaching can be made .

based on two contrasting assumptions about teaching. The macro vieW
suggests that teaching is an art and that it can best be emulated by .

- modeling the master teaches`.' The ilcroview of,teaching.suggests.
. that teaching is an act, which can be'subjefted to dystimatic analysis

and emulated by mastering the model teacher's component hehaviors.2
4.

.
.
I

. .
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Within the last set, one. can identifya set of dependent variables or -Th
' performances of a teacher such-ad:Vestablishint sex" oz "establishing
appropriate, reference" or "achieving closure" or ."Using questions" or
"recognizing anAtiending behavior" or "control of participation" or
,"providingfeedbeck" or "employing rewards and punishments" and "setting
a model." To study the role'Of'pese skills in teaching, other sets of
independent, variables such as practice variables, feedback variables,
and demonstration variables can be set up and studies conducted. An
alternative to ;hisapproach has. been described by Jackson (1966b)
when he 'said ' . - t '

Individualizing insttuction in the educator's sense means . .,,

injecting humor into a lesson when student seems pg need
It, and becoming serious,when he-is readyto settle down
to work. It means thinking of examples that *re uniquely
relevant to the studenei previous experience and offering,
them at just the right time. it -means feeling 'concern
over whether or,not.a student is progreising and cOmmuni-
cating that'concern in a way'thatwill be helpful. It
means offering,appropriate praise dot just becaus positive - /
reinforcers strengthen response tendedcies, but because the

. student's performanCe is deserving of-human. admiration:-
It means in short responding as an individual to an''
individual. (p. 1) . ..

.

, . .

Although micro teaching seems to be based on the assumption that
teachias,is the imparting of information,.a more macro view adds the
dimension of the teacher as an individual'asponding td other indi-
viduals. .

-'

-
li

Thus the question, "What should 11 do in the classroom?" further
emphasizes that it is true that two essentials of a good teacher are

.a) enthusiasm, and b) thorough interest in his subject. A third
essential is knowing how to teach.

.

In addition to deciding which system to use based on.one's. view.
of teaching, stecond set of variables should be considered. -Indi-
vidual differences in students have 'long been recognized,' researched,
'reported, and remediated. Similar differences are likely to be
,found in teaching styles. Can one support a set of categories
supposed tO be common to all teachers at all times in all situations?
Is it possible that there are identifiable teaching. styles which
produce equally healthy-student achievement but which differs markedly
in their approach to similar science teaching challenges? Are some
of these categories of analysiiof teachersappropriate to some teach-:
ing styles but not to others? What empirical evidence do we have to
suggest to a teacher who demonstrates an identifiable teaching stile
that, 4n order to, produce healthy student achievement, he/she needs
to acquire the entire repertOire of individual teaching strategies
which Can be taught?

,

In searching along the 'Order of things to:find an order of ideas,
the target of research has shifted from the listing of essential

1
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. 'characteristics of teachers that might mak a difference in soldent

:It
outcomes to contrasting insefpctional appr hes, to processproduct
descriptions in which what a teacher does* animpact on the
tclassroom climate'and'ultimately on how much students learn. Thus,
research in science education may focus on the instruction filter,
the teacher-filter, the student ilter--of their interaction (Figure
2).

As reflect44 to the science education t'esearch in 1979, we have
a wide variety o cues'--a rich source of information about the "order
of 'tbinga" on which to build our "order of ideas.% In this research
we have cues about the immediate science learning contexts and, to
some extent, some potential insights about the school and about
social influences on science leafniAgs of students.

a

Schddling may be viewed.as-a continuous context from presehool
.to graduate school. Within the schooling/society context, it is
Atelp4u1 to organize,, information as it fit0. the Conventional organi-

. zation of schooling -;the learning context of elementary scbodls, of
middle/junior high schools of high schools, of undergraduate colleges:

;

In science education research, a fifth centext.is observed--the r')

professional delielopment of,science teachers'. Within each of these I

instructional or learning ountexts; the nurdef;ofthinga," or cues,
seem to fit' from three "order of ideas'!--ities i4atedtfo the _

' eitudente, the teachers, and theinstruction (Fi4ute,3):,t heae three
primary sources of cues do not exist in isolitidn.', Thgralay,be vivwed
as filtersthrOugk which.ihe intended outcotnes'of.scyboling are.trars-.;
lated into the.actralikhievetente, or outcomes. The'interaction.or. ,

influence of each fitter w$th-the intended outcome' noea. ample - t

a+bascpiradigm, hdWevet. Rarely is theie such-an overwhelming ,
,

student characteristic (b) which when added to Instchcflonal goals
(a) will always prOducresults in achievement orOutComes (c).'
Rather, each of the three filters(students bl, teacher b2, instruc-
tional b3) are interacting together as 4(bi X b2 x b3) is cr

! r

Looking,back on thessdience education research of 1979 it is

possible to see patterns of the "order of.things" which en ich our
understanding of our."order of ideas."

We can know more about atudents and their characteristics
which appear to influence the'int,eractions of the learning ,

.

context and the outcomes of science learning.
.

We can know more about teachers and their charactefistics
whichappear to influence theirinteractiong with students
in the learning'context'of science.

.

We can kflow more about instruction, that is specific'
science content, ii)ecific'instructional strategies and
how they are related to sciencp.learning.contexts and
instructional outcomes:

'

O
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We can know more about "firSt order" interactions of these
filters

between'student and teacher,
between'student.and instruction,
between teacher and conient,
between teacher and instruction,

andlhow these interactions influence the science learning context and
`the actual, outcomes.

Thus, thepurpose.of this review of the science educatiOnresearch
of 1979 is to examine what we know about the "order of things" and how
We can marshall,these cues into a better conceptualization of the
"order of ideas." From this search, we will have a basis for wiser
decisions as to what,we should do to further nurture the science
learning context and what unknowns we need to explore. We will be
letting our order of ideas indeed be a reflection Of. the orde'r of
things in our'scienc classrooms.

The Research Strategies Used to Find. Science Education's Order of Ideas

Research strategies may be categorized into two groups; those

strategies which provide bases for describing whiefis--or the "describ-
ing strategies," and those that are useful for changing what is or the
`:'improving strategies."

The.Delyibing Strategics

.. In-the describing gro n); one research strategy is historical r
. .

research. This is the pse of records of previoui event; or'the
14/purpose of arriving at generalizations by rich .the pr nt may -be

interpreted. Recdgnizing the aanger,inherent in. using pne instance
in history on which to base a generalization, historical or,survey

, .

.
research is.pspecially useful as .s basia,fter a. theory. Deductions..
from that theory can then be the,hypothesee for furtheratudy:-.:

, ,
,

"k . 1.
A second strategy of research useful in describing "whae'is"

,

is,"

futuristic research. This can be identified as that research 4hich
attempts to predict what the future in education will be. In making
these projective predictions, the assumptions about what is coneaered
relevant in the present become explicit. For example, In his 'l
description of the ftiture of formal education in the 21st century,,
Brewster (1969) clearly identifies his assumptions about what the °.

.' university should be doing--namely, conveying and constructing
knowledge. His university of the future reflects these essumed
functions. 'In such futurfstit projeceions, it s remarkable hoW
our unstated frames of reference can become explicit and open to
careful examination.

1
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A third type is naturalistic-research. In this appr9ach, the
phenomenon beiomes the object of study. For examplIgt as Atkin (1967)
described this approach, the problem of generating and validating
generalizations about effective teaching would be studied by a group
of scholars representing different disciplines, all becoming immersed
to the same cliisrooms at.the same time. Based on their intensive
study of the natural setting, descriptions of "what is" can result
from imaginative and shared perceptions of scholars from quite
different perceptual backgrounds' FrOm these generalizations; new
'.answers or solutions to science teaching can be generated.

Each of these three 'groups has a common denominator in that they
can be used to generate more accUrate information related t6 the
precise description of what is going on in the Classroom as viewed
from historical, present, or future assumptions;

The Improving Strategies

A 'second groupeof strategies is directed toward improving or
changing current practice in science.teaching. One type is the
exploratory study. In this type of seudy, "data are collected in
an attempt to ferret,out relatiOnships Ohich theresearcher
tively believes to be present? Exploratory studies are useful to
establiskprodimonstrate associations but Ao not establish-cause- -

eilect relationship's. .Exploratory,stedies do provlde the opportunity
to.generaee hypotheses about relationshipatwhich then can be pursued
with empirical studies to determine their' validity.

A, second type.is the empiricil or experimental study' wh0 is
usually described aSthe model used in.the behavioral sciences. In

such astrategy,.e variety of research designs have been described
by 1ampbell and Stanley (1961) as wayslon which the validitx of,
hypothelizeS cause-effect relationships -can bsettablished: Such
a strategy is useful not as a source of ideas--but as a refining
pibcess ot a search again into the cumulation of wise practice.

A. A third is the engineering model'or strategy: to this - strategy

the performance objectives or 'exPectatioqs:areAdelinested, andthe'
' sYsteis'ii:desighedto Achieve these expectations,in the most direct,.

and-thuk.edOnomicslly.,.effic(ent, mannef,posSible2 'Achievement pf
criterion perforMapcp is the measure of,.thtducc*Sif of,.theltoduct.

,

The second'category,of!research 'strategies is aseurce'of -
specific ways to change what-is kdown about what a teacher. should
doin the classroom. Through exploratory studies'the potential
relationships between specific'teaching behaviors or patterns and
.students' healthy achievement can.be SuhAequent empir4

.

cal researchostudies can be used to dem-onstrat the validity of these)
. relationships., ,Engineering research strategies can. then bewemployed.
to develop learning conditions by which the teacher can acquire those-4
coatpetencles which have a demonstrated empirical validity.

r*: 0 b.%
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In retrospect, which strategy is the most relevant? If the
.search is indeed one in an area of complex and multi-faceted phenomena,
then a.more appropriate question might be--for the task that needs to
be searched anew--what is the most relevant "research strategy? The
logic of- selecting a research strategy based on the expected outcomes
of search is simple but powerful. An eclectic approach is reminiscent
of Gagne's (1965) description of the search for learning theory in
which he states

Although many people including me have tried for years to
'account for actual instances of learning in terms of a
small number of principles, I am currently convinced that
it cannot be done. To the person who is interested in what
principles o learning apply in education, my reply is that
the question must be asked and answered with the considera-
tion of what capability is being learned. (p. v)

In this,way, researchers in science education can avoid what in
other ar as of research has been characterized as sterile and irrele-
vent rese ch. We can omit what Wolf (1969) has described as his
5-C model which includes

...Cosmetic, Cardiac, Colloquial, Curricular, and Compu-
tationemethcids of evaluation.: The Cosmetic-method
involves taking a cursory look at the program and deciding
if it looks good, while the Cardiac method requires one to
dismiss the data and believe in his heart that the new
program is indeed a good one. (p. 107)

Science education researchers can function as a translator 'for
events' in the classroom setting. Based orottese established relit -
4onships, and under contr6lted conditions, the empirical validity
of these relationships,between teaching style behavior and healthy
studentachievement can be established. This research will'demon-

.strate what Greenwood (1.945) described as the

Natural experiment in which...(we) do not control physi-
cally what we want..,..(but rather) we control mentally
by selecting from the environment whatwe need.
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SEARCHING THE,SCIENCE LEA'RNI'NG CONTEXT
\ct . ,:, ,

OF THE ELEME.NTARY4SCHOOL STUDENT

..' 1

As a contqlt) inwhiCh the student learns 'general ba§iic skillAyand
specifidtildr; tilie.elementary.schpol represents the sty:1000,s first
experience with fOrmal.sckooling.. The challenge of th14enteat Was
been widely recognized in the science edudation literature:', Beginning
with research about thetheart of the science learning 4o.litext; 2the .

'student ,and_ teAcher, t.hts section will then include desCriftiaRkrof
'research related tt'the instruebional ccuttext and hbw theie.are related
to thetl'utcomes of science learning tbtheelementary Idlot:)1:1 -----.:

......
, ,

\ - ""
Ile

eV*

The Student Filter ,.

' ii' - -

.0-
As seen in Table 1, 45'research studies reported results related

to five elements inzthe costplex of vaFiables in the stlidant.filier..
In most of these studies the relationship of associationAf a specifie
element to eilther achieveraenc. or .attitudinal outcomes were* invest ilka ted'.
fn .& very lAmi-ted number of. studies the 4,Feraction of the'sti.tdent
variable with instructional variables has explored. aketie will be
repotted. In the sectiOn on the Thstructional ,filter. ' .,, 4- I ...

_A ..
... .. ,..The elements te thi instructional context *re categottes of

.student .variables or order of ideas that emerged f rom a '-'campletk
listing-of all the student "variables that were Includeeiii the 4r
'studies. Gender of stltdent, the student's age or pretiOns;:emefiencit,
the student '54abiat7 at; aptitude, environmental 'variahles-Atith.ls
socio - economic status, ethnic origii, and' the student ',E,d'signitive
developmental level or learning style were the five elemehtt.tAtei.
seemed to encompass all the variables ashociated liith:,the'diudent .

p n At

In What Ways Are The Outcomes of Science Learning Different for o'

Boys Than Gills? . .

SA.

, e
In eight studies, learning, outcomes were described as- ipedifiC. -

achievement knowledge or skills. in two of theie studiesno .
-

differences were found between the achievement of boys and girl.
In a study with 59 elementary students, 'Smith and Litman,-(275iNfound ,
that uninstructed girls did- better thin uninstructed -bays on ,t asks .

rectuiring spatial visualization. When achievement Was described as
the ability to go from' two - dimensional to three-dimerisidna ctliiicep- .:..
tualization, Jones (141) found that boys did better than,girls; In t-i
studying the impact of an astronomy exhibit on 138 $ementary:staents,
Sneider et al. (276) found g Is achieved more knowledge and .Skills
than did boys. However, wi 140 hospitalized and ,well ctiildren;°
Denehy (71) -found that boy, achieved more knowledge of the'bo.dy than
did girls. Boys were found to achieve a greater understainangoOf the 4.

concept "living" than did girls An a study by Wolfinger (332).14 '..., ..
. :
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Table 1

Rhseareil Studies Related to the Student Filter of the Elementary
School Sciepee Learnifig Context

1

Element
'No. of

Studies

, Findings
Related tO

Achievement Outcomes

ND .13>G. 8< G

Gender 11 2 A 2

Age/Grade Level and
Previous, Experiences lb 1 14

> L H <

Aptitude /Ability 3 .4

Environmental Vaiiabled 4 2'* 2

Personalogical Variables- 5 1 3

45

.

Related to \....

Attitudinal Odtamer'

-ND B > G

(
1

ND

1.

ti

1
mIlk.

k 4.

/ a e
1. l

'

Vi . '. t' V ,,

'1

1:
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Beebe (1'1) found that boys tended to u
describing natural phenomena than did
at differences ft the cognitive, develo
tary sehool'(DeLuca, 69; Mali, 193).

, different-in'cognitive devefopment fr

The attitudes of students on the
variables in three studies. Kishta (
linguistic preferences were similar.
students who were in SCIS, Wareing (3
toward science and society were subst

" . girls. Sneider et al (276). found se
ences, with girls being more positiv

Does knowing student-gender hel
differences in science achieVement i
the studies reported_here, no differ
Boys did better than girls infbur s
boys in two. The lack of a clear pa

e more physical explanations in
iris. Two researchers looked 4,
went of students'in the elemen-
n both studies, boys were not
girls.

prefereneei were outcome
58) found that'boys' and' girls'
In a study with 353 sixth giade,
2) found that attitudes of boys
ntially different from thasea.

.

erel similar attitudinal differ-
than boys.

.

a, teacher understand or expect
the elementary.school? Based on

3,

nce was found in two instances,
udies and girls did better than
tern upports the concl ion that

the "order of things" suggests 4Iffe encesjn achievement are ably
not related to the student's gendef ut to other variables. A sim lar
,pattern is pictured in the three studies representing resuits.relativi

$ to attitudinal' outcomes. . .

At best, knowledge ofA stodent'S gender is not a useful predictor.
of, achievement or-attitudinal nutcomes.o science in thp.elementary -

e-school.
.

0-

% . ;

. e . t
In .Whieh Ways Are The Outcomes of Science Learning Different Rol* -

Studenta of Different Ages; Grade Levels or Pest Experiences ?"'
.1 0. I.. . ,. i

Theage OI, a child7may be described in chronological terms or in
( termis of number of years oin schOol,, In the strictest sense, this

'element is one way to identify the. influence of previous ex erience ..

onschooling outcomes.
... ,

11.

Of the nine studies In which age/grade level was an Independent
variable, eight found that older children aehleved more than did

.. .

..younger ones. %n examining the influence of;an instructionalStrAtegy

t on unit` achievement tests, Burrows and Okey (36) found ,that in their-

. fourth and fifth grade sample, fifth graders consistently had,higher
achievement. Sneider et al. (276)' found that, in her; sample of 138

,

students, older children gained more understanding from. an astronomy
'exhibit than did younger bnes. Using six fourth- and fifth-grade
elegies; Werling (326) foUnd that OIderchildren both achieved mote . .,
InInowledge aboUt their environment 'Odin Obsitith attlt* es toward'

,

'their environment than did youngei.students. 4 Chavez (41, wever '-

found that in his study of two sixthgradeclassesand ne seventh -,

. grade class, there seemed to be no change ip attitudes toward science ..

after they participated in an inStruetionaloprOgragn relatedto stereo
types of scientists. ../Ones: (141) explOed.hOw eixe-

ensona
th.a.end.eightt:grade

en functionedone n t

-

, studts ftid wheh4 tohad de; e,tscribhtedimildbjedil
.

. ,....,

. , . ..
. ..

.
. !.,-,A.: ;. .. 410 x .

,A
.. -, . ..1 . . ^ ,4.
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in terms of two-dimensi al figures.' With the 181 students-in hii study,
he found'that eighth gra -rs did better than sixth ,graders,

Nussbaum (220, explore the concept.children had of the earth with
240 fourth through eighth gra rs. He reported Oat older children
consistently had more advanced oncepts.

Mili..(193) explored the patte s of cognitive development in
Nepalese children Ages 8, 10,, and 1 He found that `.older children

displayed higher development than.did ounger ones. Denehy (71)-
explored what students knew aboutJtheir bodies. She found that, in
her,sample of 140 students, older childr had'a more accurate concept
of both size and location ofsmajor,orgens the human body.. -Beebe

4. (18) explored children's explanations of nat ral phenomena with 96
children from grades one, three, five and seven. He found that older
children tended to explain.natural phenomena in physicaldrms, while
younger children tended to use nonphysical terms. /,

The ,pattern of tindings,fiom these 9 studies suggests the strong
conclusion that, when achie4ement is the outcome examined,:o1der
students do better in both studies where instruction is a variable and
in exploratory,studiVs. A similar pattern in attitudinal outcomes
does not emerge. While attitudes dochange,,their changes are not
consistently related to age of to, grade level of students.

,
In seven studies found in the 1979 research reports sources,

..preioud experiences were described *terms of out -of-school exper-
iences (Mali, 193; Denehy, 71), in- school learning prior to the study

. (Doran and Ngoi, 74; *we, 135; Thomas, 295; Werling, 326), or more
.specifically reading.performance (Fuller et al., 100). In six of these
seven studies, previous experiences, were found to be impOrtant contrib-
otorisoo science learning outcomes. In none ofthose studies were ,

attitudinal outcomes. studied. Out-of-school experiences may or may not
useful'predActors of achieveMent. With.his sample of elementary

Npalese students, Mali (193) found that such experiences as places
.visited and` games played were not correlated with measures of cognitive
aeveLopmeni.. However, irChet study of 140 well and hospitalized
studehte,%itihy (71) found that the experience of hospitalization
was a stpificant ,contributor to students' Iknowledge of the human-
body. MO 133.third-grade'students,Fuller et al. (l00) found that
performance ctriza criterion achievement measure was closely related

to the student'ireading level. In a. study of a more general nature,
.

Hove (135) found that sixth graders' success in SCIS was-porrelated
e'.. oigh'their peyious SCIS experiences iikearlier grades. Werlt!ng (126)

found similar results with fourth and fifth graders. With 240 fifth

'
and sixthdtrders, Doran and Ngoi (74)^observed that previous know-

,

'Ledge of specific, science concepts substantially aided students in
0 .understandiegs related to the particlenatul-e of matter. ,Th9mas 42.95),

In his study with 108 fourth graders, noted' that readers of 'a higher
level diebetter-on achievement testethatirequfted reading compreheh-
slot);
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Previous experienc s'of students pear to be significant factors
in understanding their a hievement tothe extent that there is a rile--

,

tiouship between the substances of the previous experience and the
,. .

intended instructional outcome '..- .
1 . . I, ..

. -
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. In What` Ways Are The Outcothes of Science Learning Different'for -

Student. of Differing Aptitude or Abilities? . ,

.

Nine research studiesimcluded in.their de&iga student ability
as an independent variable. .In five o£ these studies the purposelwas
to explore the student's 'Conceptual Understandini'as an achievement ...fr

depend&it variable. Nussbaum (224), in his.sampre of 248 four,th td
eighth)graders,found that students with higher IQ's had broader

...

concepts of.theearth. With 353tsixth-trade students,'Wa'reing (322)
. .found that students with higher IQ's had morepoditive attitudes
r

toward 'science and scientists. In exploring thetatudents' concept of
i., causality, Wolfinger. (332) found verbal ability was' not ausefUl

predictorNof understanding in youagerstudents (age four and a"half to
seven years). With96 students in gradee'one; three;, five, ind seven,

lieebe (18) also found that verbal ability seemed not to be associated'
' I

. with successful ixpianations of natural phenomilli in the life ac'iencesi :,
.

tith s. thNgrade students, brockei (58Y found no evidence that their
.

'pref4re cetfor instructional modes tfas uerated to beir aptitude._

, 1.
Thus, when achievement 'and attitudinal outcomes of elementary

students from pre-kindergarten to sixth grade are explored, measures
of'aptitude.mayor may not bi useful predatons of leval'of achieve-:
/pent. 1 '.

-

- 1

In the experimental studies in which instruction was one of the
independent variables, the.student's aptitude was an important factor
in three of the four studies. 'Burrows and Okey (36) found that high
mathematical iititude'was closely related to success on criterion
achievement tests with fourth and fifth graders: ,;With fourth graders,
Sithoff(273) fourid that, underachievers could do quite well on
criterion achievement teats when given instruction that matched their
abilityaevels. In his study with 130 fifth-grade students, Kemp
(149) found that scholastic ability was closely related to achievement.

However, llewes (242) explored the relationship of_achievement to
instructional grouping (mixed grouping or ability grouping). He found
no evidence with 11 or 12 year-old'students that the ability level of

*students was'xelated to their achievement.
.

Considering both' achievement and attitudinal outcomes of cience
instruction, student ability, or aptitude appears.tO be a.useful
indicator of success. In,no study did the investigator find lower
ability students outperforming higher ability students: .

..
,,

, -
, .

O
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At jis What Ways Are the Outcomes of Science Learning Related to the
Students' Environmental Variables Such as Socio-Economic Background
and Ethnic Origin?

In the 1979 research,, socio-economic 'background and ethnic origin
. of elementary school students was described in four studies. 'none study,

Kemp (149) described it as a general indicator of home influence. With his
130 .fifth graders, he found it significantly related to their achievements
on a criterion achievement measure. However, in two studies (Nussbaum, 223;
Mali, 193) where students' backgrounds were contrasted, no evidence was
found of a relationship between socio- economic background and achievement.

One major study reported in 1979 by the National Assessment of
Educational Progress (220) highlights that, at age nine, students'
performance was closely related to their race with'whltes; Hispaniics,
and blacks ranked in that order. The variable of race was not found
described in any other research study IA 1979. Thus.,' a student's
socioeconomic background probably needs to be more adequately described
in terms of the aspects of that background that are more likely expected
to influence achievement.

In What Ways Are the Outcomes of Science Learning Related to
the Students' Personalogical Variables?

In tfiree studies of elementary school students, cognitive develop-
'ment was used as a descript ion of Piaget Jan concrete or formal stages of
thinking. In three studies with young children (Padilla, 233; Padilla and
Smith, 234; Wolfinger,332), the cognitive developmental levels of the-
students were found to be closely associated with achievement 'def ined as
understanding of an idea and ability to accuratelY'use the idea.

However, in his study of fourth, fifth, and sixth graders, .Kishta
(158) did not find evidence of a relationship between level of coini-
time develoiment and 9chievement as measured by a standardized achieve-'
sent test (Iowa Test of Basic-Skills).

Learning style. in the one .study with elementary students was defin
as th,dist inct ion between the field-independent and field-detendent st ent.
With 253: sixth graders, Wareing (322) foUnd no evidence that thesst dents'
attitudes toward science were influenced by their learning, styles:

t 'With too few studies' Of this element in the student filt .on which.
to base a firm conclusion, it would seem that cognitive dev= opulent of
the student tends to be closely related to.achievement ou odes that
are similar to that Of developmentarlevml.

Summaiy.

Students in the elementary school do lea
attitudinal outcomes related to thi,s learn/
reported in 1979 that included an element o
appear that boys and girls show .aboUt th
Outcomes, older studetts or those wit
with, higher ability will do better

science and demonstrate
. Based' on tItt.45 studies

the student filter,,. it would
ame achievement and attitudinal .

great erpast. experience and those
n younger, less experienced students
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of lower aptitude. With the exception of ethnic origin, environmental
variables and cognitive developmental levels seem to not be Useful pre-
dictors of' student science achievement or attitudinal outcomes.

The Teacher Filter

22 4

In the teacher filter, three elements in-the "order of ideas" emerge ",

from an examination of the order of things--the research studies reported
in 1979: In the science learning context, both a teacher's knowlegigeand
pedagogical skills in planning science instruction (reactive skills) and
interacting with pupils (interactive skills) are expected to be related to.-
the quality and quantity of the outcomes. _I n197-9 nine research studies
reported aspects of these three elements of\r,Ae teacher filter.

.
.i , ,. . ,

.

In What Ways Are the Outcomes of Scienci Learning influenced by
tWScience Knowledge of the Elementary Teacher? , . t

Ina survey of 489 elementary teachers in Illinois, Fitch and Fisher
(95) found, that teachers and admihistrators believed that a lack of \-
science knowledge was the greatest obsticle to science instruction at the
elementary, ,level. Simpson (272) reported that a teacher's knowledge was
directly related to pupils' desire to learn and their ability to learn.
Ina sample of 27 inservice teachers and their 687 pupils, Brummett (32)-
'found that the teacher's understandingof the science content of a lesson
and .attitude"toward that content were significantly-related to pupil
achievement and attitudinal outcomes. A similarly clear set,of*conclu-
aions, however, was not found by4lough (133) in her studyoePreseeyice
teachers' science knowlee and process skills. She found no evidence'
of a relationship between what preservice teachers knew and how-much

their pupils learned. Thoman -(294) investigated the relationship between
the general' science knowledge of fifth-grade teachers and the achieve-
ment gaihs of their students. Re found'no evidence'that a teacher's
biowledge was related to pupil gains. .

From a logical stance, it would seem That teachers should not be able
to teach that which they do not know. From the very limited number of
'studies repprted in 1979, the.data seem to-reflect evidefice that says that
pupils learn equally well regardless of the knowledge level of the
teacher. The conflict between theserwo conclusions needs careful study. .

"

In What Ways Are the Outcomes of Science Learning influenced by the
_Stleisce-Teachers' Preactive and interactive Pedagogical Skills?

a In her analysis of-thecauses of decline in science achievement,
Kahle "(146) maintained that, the decline is due to teachers not using
the resources they have available to them. In Burke's (37) survey of
the currirkt state Of science in Massachusetts what resources were
available to teachers was. clearly a function of size of the school
systitm. Teachers in lar4er school systems had access to more

*iniervice workshops and ideas for how to plan better instruction
for their students. -Olson'(227) did find that teachers wanted Me

..te
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opportunity to deCide the extent to which they were to be involved in
cutriculuin'planning and writing piojettts. In one research study
reported in 1979; Flexes (242) found that the teacher's knowledge of,

4 and ability to work with, indiiiidualiied of mixed group instructiok
was significantbureleted to both pupil achievement and attitudinal

-outcomes.

While only two research-studies were found in the 1979 reports
in Whidh pyeaceive teacher skills were\the independent variables; .

Teeny (335) reportod an interesting study An which teachers described
what research they would like to sed'given a high priority. Among

. their highest priorities were how teachers can influence the cognitive
development of_their pupils and how to plan science instruction in an

.interdisciplipary modewwith such subjects as reading, mathematics,
and social science. .

. .

In only one study was a specific interactive skillof .a teacher
_mentioned. Simpson (272).reported a signifiCant relationship 'between
the teachei's expectatiod of.pupils and the students' attitudes,
toward learning and ability to learn. Studies 'of thpotential impact
o£ teachers' interactive skills seems bsent in the 1979

. roftorts of Osearch on science in the element school.

, 4 .. ,

. Thus, at the prepente time, current research does not provide a
, basis for answeripg the'question about how. a science teacher's peda=
gogicalskills influence achievement and attitudinal outcomes in the
science learning context. .

-

,

The histhictiOn Filter
0

1 .C .7
A third area contributing to the achievement and attitudinal

outcomes of students is the substance of their science learning,
experiences- -the science instruction. In reviewiqg,the "order of
things" in the 1979 science education research reports, six categories
of "order of ideas" or elements.in this filter enved. -These site

-summarized in Table /L

In 11 of the studiest.theLelement can be described as content
by itself, i.e.,,ithat ideas now are orshould be4part of the science
learning context of the elementary school years. your studies added
to this question of "what ideas?" the'dimension of "what ideas with
what students?"' One study included the topic of "what ideasIwith
what teachers?" In'nine studies, methods or instructional strate-
gies were the variables being examined. In eight studies both the
substance oLoshescience learning content and the instructional
strategy were varied. .In 11 studiei the complex interaction of,,
content ancmethod of curriculum plus selected' student variables
Were combined to ascertain Choir impact on the expected achievement
and attitudinal outcomes'of -Science in the elementary.school.

23



Table 2

Categorization of Research Studies.in the Instruction Filter
for Science in the Elementary School Learning Context

Element No.'of Studies

Content

. What ideas?

Content +'Student.

What ideas with what students?

11

4

Content + Teacher

What ideas with what teachers? 1

Method

What instructional strategies? 9

Content +.MetlIod

WhatcurricUla? 8

Content + Heti; + Student

What curricula with what students? . 11

I

44

In What Ways Are the Outcomes of the Science Learning Context

Influenced by the Content of Instruction?
*

This element is.primatily observed in two tYpes of studiesin the
1979 literature--surveys of what now is and descriptions of how to
develop curriculum for what should be. In their survey of what now
(197546) is happening in Illinois, Fitch and Fisher (95) found that
the National Science Foundation developed curricula were reported used
in 19 percent of the schools (Elementary Science Study, 8 percent;

'Science Curriculum Improvetent Study, 7 percent; and Science--A Piocess
Approach, 4 percent), textbooks were used in 46 percent of schools, and
35 percent reported no science, instruction. Based'on a sample of about
2,0004students, Treasure (305) reported that, in Alberta, third graders
were weak in their- knowledge of scientific'me&ods. Votaw (316)
surveyed the National Science Foundation-developed curriculum programs
for their relative emphasis on environmentally - related concepts. He

constructed a weighted score fot Science Curriculum Improvement Study,
28; ScienteA Process Approach,25; and' Elementary Teience Study, 6Q.

24
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Klein (159) presented a naturalistic" descriptipn of science in communist
East Germany as a combination of-theoretical and practical experiences
in industry related to the natural sciences. Science instruction begins
in grade five as natural science and in grade six physics is emphaSized.

The surveys seem'to depict a pattbrp of varied opportunities to
learn science in the elementary school. Shymansky and Yore (271) looked
move closely at one of these opportunities-17the textbook. They found
that, in geneial, science texts show a gradual increase in reading
difficulty level but that within a text, there, is a very wide range
of reading difficulty not well indicated by the average level reported
for'the texts. Chavez (47) investigated the extent to which oppor-
tunity to study explicit stereotypes of scientists through animated
cartoons would influence students' attitudes and found no evidence of .

change. .

In contrast to these studies of what - now -is, five reports described
what can or'should be the substance of learning opportunities for
elementary school students. In these curriculum 'development studies,
four tasks in designing and documenting a curriculum were included:

1) The establishment of goals, framework, or statement of
the purpose of the curriculummany titles based on a
systematic needs assessment;

The development of the curriculum materials which may
be a selection from other sources or the,writing of
new materiald;

' t 3) The documentation of the impacof the curriculum which
includes describing-with what students and teachers and
in what environment it has/13Aen found to be successful;
and,

.

. 4) A description of how to im plememt or use the materials
it new pontex5athe key task of dissemination.

In Tail* 3 a summary is presented of the five curriculum develop-
ment studies as they relate to these four outcomes. An analysis of
the table indicates that a more complete documentation of both the
evaluation of curriculum and the tasks to be faced in its dissemina-,
tion is needed.

The extent to which specific science content of the elementary
. school science context is.influencing student achievement and atti-

tudinal outcomes was largely unexplored in the 197? research:
Evidence that science is, or is not, taught id presented and evidence
that curriculum can be developed is available. But what is needed is
knowledge about what content will influence which desired outcomes.

,I1F:
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Table 3

4

:Curriculum udies in i979 for
Elementary School Science

.

I

Report Decisions-

,

4,-

. Author

:;.-. Barer (38)

4

Moeller (212)

Layorgni (173)
.,.

Akingbala (4)

Kahn (152).

Program for Gifted Studgnts
3,4,5

Context

0 .
School Management ,Curriculum

.

Development'
. .t .

1

DevelOpment St

Barrier Beach Ecology Curriculum

Science for Grade 1 Nigeria

'Science Curriculum for Pakistan

. ,x

implied' ,

,o. .

x

x

x

x

x

, .

,x x ,

21,
Goals , Material

r..

1

3 . 4

4101=1.

Evaluation Dissemination

x x

.

;132
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In What Ways Are theOutcomesoftie Science Learninkronteit Influenied
%y an InteractionofSpecificIdeaswithStUdentsof-Different
Characteristics?

In the absence of a base of empirical evidence thatOstipports'a_ sAN

. . _.
.

T.

i.; '*
relationship of specific ideas with outcomes rfoustudies.did explete
the element of what ideas with,which studentsseem.to produce t'he best :
outcomes. Nussbaum (223). studied the impact of the Science VurriculUm
Improvement StUdy's,"Relatiptterniceon students of .differing levels of 3

hiscognitive:development. Whis ample of 44 second acrd giaders'he
found that studentsvholfiere oser to transitional staged had higher
achievement. Wolfinger 032) studied fauy todeven year-old students
and the relationship between teaching' them- of flotation and
living things and their levels of cognitive'development, vondbulary
development, and gender. She found that treatment grouP'students .

achieved more thank control group students, and that within the treatment.'
group boys did' better than, girls 'and 'that concrete operational Atudents
did" better than the preoperational ones, When spatial visualization
was the achievement outcome, Smith and Litman (275). found that iastruc-
tionhelped boys but not- girls. .

. .

. .

. ,

To match the cOntent.of,science to the student requires another .1

,1

2
consideration: ---the student's interests. Sullivan (289)' reported that

.

.

primary grade and intermediate grade students hata common interest?
-A

in the human body but had quite differeitt interests in,..,suth topics '

as living things. . .. - , .
.

, 4:,
"- /

. . . . ". .
. . . ,

The results of currant research reports'suggest that, while what 4
st

ideas with which students might be a,:productive area of stud9,.in...
:

r
A

.1,

,

;.
1979 it remained an area yet to be explored. .

.

1,... `,
/

In What Ways Are the Outcomes of the, SdeOce Learning-context Influenced by an / %i
1Interaction of Specific Ideas *tit DifferentTeachers? / -.

%

. .i _ . -.,.
Results'from the studies relative to'the teacher filter support

the conclusion that what.teachers.know,is diFeet1y'related to their
students' achievement. But, in thiselemeni thee focus can be more': ,

specifically on how a ieaaher relsiecta content and the impact4f*- .

this relationship ,on the 'outcomes Of instructian. ,Na investiga orti in. ,

1979 directly studied this interaction. --Mengel (207) described aspects
of curriculum develOpment that teachers iihedvar.e.lincluded,in that.'
development. Thee included'explicit descri4ions of: the teacher's
expectatiods, the 'scope and sequence to show how :specific instruction. °

fits into -the-rOtalcpicture, explicit destriptions.of student 'out'fomes,
materials to match different student abilities, SUggestOns for, manage-
ment of. learnAng,',and. -Leacher Inservibe materiets: ., ....":. ; . t

..4 .4
s .1 , - . i. ,, .r ,,

Informal experience.suggests that;given,the dam e'cOntent, oqtcomed..
,,,

...

may vary widely among teAchers4 Research: is needed id this area to -. ,,',..

.

-,-

better understand passible caudes., ,,. v / . i

4. er ..:,..,
,

, . ,-
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In What 'Ways Are the balconies of the Science Learning Con
Influenced by the.lestructionalStrategies orrItlethitds Used?

e also showed greater achievement ands positive a
environmentthan did chose, tihcr hadMily in-cla
(240) found' that instruction that yea organize

;deductive mode seemedt.,,6c.le heklpful,-dependi
learned.. In studying :second graders,'Kruse.(
fOrmal Instruction on reading:in the content
different 'reading, comprehension. than would a
evidence was fo.und- toiitrOport thid hypothes
students-to finethot investigation follow
r esulted _higher:ad/it eVergent than did inv
nondixected discussion. '.Davis (66) also f
mkt more of f ect ive' in influencing 'student
_ixpo'nirory . .

4

4 A.
In'these..sittdies, the unmentioned' /a table that' ziiy. well be

ac6unting for, much of the mpact id, ;he eacheri This is also seen
in: several stwdies' Whia 'apicific tac ics are the,, independent
varigidei. H011iday and Partridge: (128) presented Oidence fiat
'ling-A pictures 4o, help tudents visualit correct 'examples influenced
their achievement.", In a sample of 31 s Ond-grap_classea,
X19) found: that students. havinglinfir0 crete elPeriences acpiev.ed

77.. significantly more than.:-ditd-itudents ha ingbc;tir concrete experiences
I and verbal labels fog two concepts (i eiaction', evidence of inter-

action). Tobin (21i8), found t hat the acher tactic ,of 'wait-time was.
. tfignifj.cantly correlated with achiev fit. Students in the longer
wait time groups achieved.Aore. If a ess specific tactic, crocker,
(58) did not find evideriqe h r low'teacher.contiol was . _

related to a'chievemerkt, I

; . I
. .

It.-tiere is. a useful distinction between str
phenomenon and tactic ass -a specific event 'then,
reports that deal with instructional methodology
Examining the strategg of using field egnerienc
Gross and Pizzini (110) found that those studen

ext
.

tegy as a global
n the 1979 research '-

the range is present;
s or not using them, .
swho had field trips
itudes.toward the

s instruction. Pines
in in inductive'or a
on the concepts to be

64). hypothesized that
areas would result in
informal emphasis.. No

'Trainor (303)- 'used 75
by a directed discussion
stigation folloWed by

and that guided discussion.
chievement . than was an

a
Some evidence suggests tha5_gloha3, strategies' may be ,associated

With increased achievement. Pinch clearer evidence existi.ina-rela-
..tionship between specific tactics atil-aChiiiement and attitudinal
outcomes: 4

P .
$

'41' . 4.
.

In What Ways Are the Outegmes of the SCOnce Learning Colitat Influenced by the
InteraCtion of Specific Ideas and Instruitiomitit Strattgieg. ,, .v. :,

. ..... -I-, ,,,_. ;
The combination .ot the content -and' method crf 'instruction is one

'operational definition of .a curttc lum. in the eight studfes that
reflect this element; three 'desert the impac r*of a Curriculum programs
on student achieveMencand attitudinal outcomes. In four studies,
hands-on instructional' approach, and' Am, ono study 'a "survey o. biology
concepts plus method of instrucl4nwil made-. inIthis stuctY,,:LuCas:-''/ .1

28 It
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(186) found that, at the elementaX7 level; there were .no common- '
patterns of biology concepts in six programs surveyed., Sbe,ded find,
however, that there was a common pattern in'the,nresentation of tfie._
concepts, with 'sentence influence being the most~common; graphic
illustrations,-secondI environmental examples, third; demonstrations,
fourth: and simple statements least frequently used. .

When curriculum programs were contrasted; ESIer (92) found, in .

his study, of 120 third-and fifth graders, Science - -A.Process Approach
did not seem to help students'remedy,a communidation,skills .defi - .;
ciency. Hofman (124) studied the impact of Science eurrigulum /
Improvement Study on eight year -oldssand found no evidenceathat,
instruction with Science Curriculum fmproveient Study was related
to their attitude toward science. In contrast, Haan (112) Round that
a student's attitude toward science was related to Science Curriculum
Improvement Study instruction.

A possible reason for the' inconsistent results may, be the global
or general nature of the independent variable in these studies. It '

m#y be that studies of a specific aspect of a.program -(rather :than
tt: total program) would result in evidence of relapionships:between .

the curriculumand the outcomes.

Hands-on instruction and textbook instruction both outside and
-within the classroom have been contrasted with a numbei of alterna-', .
tives. In a study with 284 fourth, fifth, and, sixth graders, Story
and Brown (285) found a significant change in student attitude toward
science when hands-on instruction was compared withicxpio6k,instruc-:
tion. In the absence of a specific description of the topic and
substance of these treatments, it is assum that both coni.edt an8
methodOfOgp\were,different. Cohen (50) hyPithesized-thSt hand's -on $

instruction wouldiresultinMpd-ification,of studente--cognitive ,

development. With his sample of -36 first,, third, d fifth giaders,
however, he found no evidence to

fvsupport
this hypothesis.

Case (43) looked at the. effects of an eight -week unit on
e

,

environmental ed4cation on environmental knowledge and attitudes'of
. .

sixth-grade students. Treatment group A received 9 One-week field
experience as a part of the, unit. Treatment group B stddie4 the
eight-week unit in% he classroom. Control:group C. bad no environ-.

;
mental curriculum a tivities., When knowledge outcomes were measured,
esults favored grou, p B. When attitudinal ' studiedr

control group C had Ognificantly higher scores than did group,A. . . '

There was no significant difference between groups p and C on the ,

environmental attitude\inventory.' -
. 0'

It

1
.

I-

Werling (326) usecf:ja sample of 120 fourth and fifth graders to
evaluate thecontrasting\achievement and attitudimal-outcomes !of .

three curricula: a modified hands-on outdoor unit from Outdoor
Biology Investigations.in\,Science, a hands-on claAproom unit from. .

Science Curriculum.Improvement Study, andtri in....class lecture. He
found that all three grOups showed similar achievement but,that the
outdoor giqup showed the greatest change.J.R.Attliudeetoward the .

environment. .

t
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studied the relative impact oftwo strategies fcit setial'oiderinlOth
_students of differing cogNiive development-. They found. that there was ,

t. a strategy developmental-interaction 14nn (180) studied contrasting: ):,
"settings for deaf studentiada foUra.that there no vidente that'
'deaf students in a resource setting had achievement differences-from
those in'maikstreamed setting. `J'Iheidid find, however, that! those in
the resource setting participatedin more,student'activity., Plewes
(242) also looked at the'Contrast between students in .4 Mixe4 ability 4

individualized setting or in a single ability group instructional
setting. He foilnd that lows ability itudente'did.bettek in'the mixed
individualized instructional setting.

-
;

Sheider et al((276) found'thit older girls gained more pachave-
merit and attitudinal outcomes, when they participated in .an Ponomy
exhibit; Kemp (149) hypethesized that hemisphere-pOented instruction
would have a different impact dePending on theAackgroun of the
student. In contrasting instruction of verbal-nOnactiv y'oriented

(left hemisphere) or holistic activity-oriented (tight. emisphere),
he found no evidence of a'relationship of instruction, student liaria-
bles, and achievement. Fuller:et all. (100) compAred the difference in
.achievement for third-grade students whose sourceAfinformation. was a,

P
P

.The mixed nethreof.thefresults oftfieie studies fn.the elenient
of content/methodelogYAAY be A functlon o£ using a globilLindependent
variafte thatAvielf:max:Will'beta complex tembingtonef..many,separate,
elements. At cte elpippiarYAeve4-even wIthin such .11,copplexitrof
interactions, it. would appear thatcurridular experiences, that permit,
greater personal inyol4ement of.t,helleudent are rilely to result in

increased achieveinent and peaitive dttittillinai.optComes.

o

. .:
1. ,*. . - "

.. , , .e II. . . . ,,, . .. f

A . . 1%i. I ' . '

r.

o _ , -. . -
% '.

In What Wigs Art!the Ontromes of ther&ienie Learning Context
infludiced lirthelnieradion of Spetific Content, knstruOional

Strategies and t tudenta of?Differing Ckari ettristics? :

a n-two studies scI.ence.earriing outcomes -were compared fc?i. a .

specific,.eurficuluth (Science Curriculup./mpro4ement,Study) with student'4,characteristics used as blocking variables: To' answer the quest ionic
with what students is Science pirrIcultiM,leprovement Studys more success,-
ful in-influencing.attitudes towar4 Science?, Wareing (322) compared

iScience Curriculum Improvement, Study classe,with non-Science.Curricu- -)-

lum Improvement Study classes.'' She foUndthat the most significant,.
factors thatlinfImencad attitudinal change were the student's I and
gender and hot cognitive style nor instruction in Science ourrieulum
Improvement Study: li,contraet, Howe (135) studied therelationi'hip .-

tpetween Science CurralCulmImpsoAment Study ;(CIS,-) achievement and
the following of the 6CIS sequence, the past.'iuccess oUstudente in'...
SCIS, and student partiCf0a4on in small group's.- She fouhd roevidehce

. that the students'. txpefience-A small group patticipation or in having
participated inSCIS in previous years was relited to a criterion SCIS
achievemeht-test. She did find' that the students' previous euccea

.- , A

in SCIS was Significantly.relatea p heir achievfement.
.

..,

.

With younger students (120 first grlders) Padilla and Smith.q310'
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1 or

. book ortpuzzles, -lheY found no eViderice; Of a treatment-related differ.,
ence bqi fount) tfta high abili0:students cOsistentlyshowed'greater

' alchiel'enienr. 'A,similariinaing by"Thomas 0955..mas -that high achieve-
ment ateide4s .per'firMod:VelWiegiltdiess of the treatment. With 84. -

s-413-51.--akeY (36), found alit:jail:al.

0 x , 'mastery aearninetndtructiO61 itrategy resulted in. greater achieve-
ment,.:141 they predicted, the4ull mastery model group also showed

SLgnificant-redUction InCitariance 01i4Ahiesiemerit. Such a strategy :.

may'Provide"a.keydor helOinrsolve'remediation problems. Sitkoff
X273).Also found that,wheallistrudtion man,designed for the slower
Or remediatldn students, they..eOuld learn.

e
6

To answer the question 'of what ideas taught,id.what way with
'what 'kind,p of students Will provide the best achievement and atti-
tudinal outcomes seems 1-athersimple-end easy. Firidiag an answer
to.this seal a challenge. Dove need to think more
eareAlly about what ideas with what're*thods and with what students
*will-influence.what the itdUenksdo white the instructional

context?
.1t may be that the .key' is not a, relationship between the

,instructional filter and adhievemenCand attitudinal outcomes, but .

in areas unrepOrted in 1979 research: ,relattonsgips between the .

. knstruttidhal Hirer and.student behavior in the learning cOntext.

... : ...0

.

I

A

Summary

In the 100 studies in which'thescience learninvoutcomes of
elemen ry, schOol students'Nere'atudied, ilarliationiintHese out-
comes were.found to. be described in terms of the elements.of these

. ,

:.''filters.

The StAdent Filter (n 15'studies)

Aa .Gender

B. ;AhilitytAptitudn

/

C. Previous Experience

D. Environniental Variables

- no conalstent differences- found

higher abi ity students do. better '

than do lo ability students

- older students do letter than- do
younger students

ethnic origin is a significant
contributor to academit achieve-
ment

E. Personalogical Variables - too few studies to establish a
pattern of results

0

A

7
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Els

.

TeacherFilter (n

.41
Teacher Knowledge
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SEARCHING THE SCIENCE LEARNING CONTEXT OrTHE EMERGING.
ADOLESCENT I

-

33

. Thagemeriing adolescent is a complex matrix of dynamic physical and
mental changes.' The 'Uneven spurt-like quality of these changes can be ,

confusing to the-student.and to the teacher. It is within this context
of a personal 'need to be acclimated to a new self that the student meets
with systematit science instruction; For,many this t s their first
formal science cladsroom experience., In this section the research
studies' in science 'education related to

of
perplexing and challenging

learning context are described in °terms of how the student filter, the .

teaching fiiter,,and the instructional filter influence science learning
I outcoied.

The Student Fitter.

r4-

In 1979, 44 research studies repOrted -elements of the student
filter in their ittIgn. The elements' related to students wer9 grouped,
is five tategor lit: gender,- abilitx4ptitude, age/previous experience,
environmental, and personalogical. . In Table 4 a survey of the findings
related to the student filter is' given., Clearly a high concern of know-
ing-more about students in the. middle/junior high school science learn-

, ing.context is reflected in the 1979 'studies.

,What WO Are the Outcomes in Science Learning remit
for Boys Than for Girls?-

.

) ,
'The. extent to which boys' andgias! at titud al.outtomee-iare

similar for 'seventh, eighth) and !ninth graders was examined Odfour
studies,. 'With a sample of 99. junior' high school*stbdents 116:'

LatarOwit! and LatarOwits (176) found signiFicant dif ferences- between.
.'.bloys and girls on topics of. interest. Experience also confiraa Ott
all studpnts.do not welcome new Science topics with equal enthusiasm...

algaif e differences. between boys' and ,girls' attitudes' tOtard*AL
IrAnnutei (63) also reported, with a sample! of 505 grade 1-12

science an science teachers as measured by a semantic differential
A instrument. -\/n his .study involving 140 seventh, eighth, and ninth

graders rVine et 41: -(315) Eourid girls tended to be much more .
dependent on teachers than 'did Soys. ,114wevei, A tmo (5) 04 not -
f ind a gender-r ated difference in the value pr ferences of environ-
mental problem . ,;Based on this group of four reported studies, science

A - teachers can pert attitudinal outcomes for boys tb differ` from those
for girjts.

-

44c i Arement-related outcomes were examined in nine stuttes. In

three of 'these the achievement outcomes were measured by a ;

ictiterio achievement test baseakon the Intermediate Science Curricu-
lum Study -program. Ocbuff '001).'Studid 769 ninth graders and
Stolper (284) studied 129 ninth graderd. Both found no gender - related

differences. However, Young(339), in her sample of '300 ninth graders,
found girls had higher, achievement than boys in :/SCS. 4

4..
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Table 4.

4
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Research Studies Related to the Stuat Pilterja the Middle /Junior High School
Science Learning Context
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No. of
Studies
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Achievement Outcomes Attladinal'Outcomes
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.
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.Personalogical
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, Another measure of achievement.Oas standardized tests. In a study

of seventhf-eighth, and ninth graders, Hayes (120) found no achievement
difference between boys and girls. Davies and Fowler (65) also found
no differences, as was also true in a study of 113 eighth graders by ,

Evans (93). Using locally developed measures, LaHart (169).studied
the knowledge of the environment of 1,300 eighth graders. He found
boys scored significantly higher than girls. Using 1,635 Tasmahian
jdnior high school students, Lynchet al. (189) also found that boys
performed better than girls on a test of definitions of science terms.
But n,contrast; Egolf(88) used 525 seventh and eighth graders to
determine that there was nevvidence of a gender-related difference in
solving word problems in science. The National Assessment project (220)
reported that age 13 boys outperformed girls on all items and categories
except on thosequestons that dealt with scientific decision mekimg.
Girl, did signiii6antly better than boys on those questions.

Thus, in terms of achievement outcomes from science learning, the
results present a very mixed picture. Natural Assessment data would

. Seem,to indicate that /n most any-science learning context, one.should
expect to find boys outperforming girls. In the 1979 reports this
achievement pattern juSt does not occur. The reason for this apparent
contradiction is unclear.

An additional aspect of outcomes .of schooling is the hypothesis .

that instruction does indeed influence student cognitive development.
and that this influence may not be exactly similar iii both boys and
girls. In 4-stddyof six intact classes of ninth graders, Brown (29)
found boys did betterthan girls in the ability to use proportionality
concepts. But,. in his study with ,300 seventh, eighth, and ninth
graders, Hayes (120) found no.difference in proposition4al reasoning

r
betweeit boys and girls.

owing a(student's gender does not seem to serve as an.unfailing
ctor of success in the Middle/juicier high school science learning .

context. .

48

35

In What Ways Are the Outcomes of Science. Learning Different far Studentrof Different
Aptitudes or Ability? k , , ,

! . 4:
. - 4

.Atthe outset of's school year, most teachers would expect the
science achievement- of high ability sdudens to be better-than that
of lower ability students. OuX of the 13 studies in which #n ability/
aptitude level was examined, this expectation Was confirked in nine
,studies. In one of these stUdies, Griffin' .(109)'found that higher
ability students had much more.positive attitudes towatd science than
itid middle or lower aptitude students.

,..

.
. ,

. In ten studies achievement was measured by a criterion achieve
.. 'sent tdst,. Ini six of these studies, the rest was designed to measure

... -1/11v. the outcomes of Intermediate Science Curriculum Stddy. In a study 4''
4;

of 769.ninth*graders, McDuffie ,(201) found ,that high verbal and quanti-
tative SCAT.performers. did significantly better in Intermediate Science

.2 Curriculum Study. ,- Similar results were slsoeported in another study
by Mtbuffie (202) with a sample of seventh; eighth, and nintb.graders. ...

,

,
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When aptitudes were defined as reading performance, Greene and
Szabo (108) found that, in 114 ninth graders; high aptitude was
related to high achievement. A similar finding by Howe and.Early
(1.34) supports an important relationship between reading ability
and success in Intermediate Science Curriculum Study: A third study
Bich confirms this conclusion, involved 129 ninth graders. Stolper
(284) found high correlation between reading ability and scholastic
ability (as indicated by DAT) to success in Intermediate Science
Curriculum Study. However, Higenbuch (113) did not find this relation-
ship between IQ as an aptitude indicator and Interthediate Science
Curriculum Study achievement.'

0_

This set of studies would strongly suggest that aptitudslis d
strong predictor of success in the Intermediate Science Curriculum

' Study program.
*

In four other studies, criterion - achievement tests were used.
With IQ asthe indicator'of aptitude, Evans (9p found no evidence
of a relationship between aptitude andachIeveient with 113 eighth
graders. Young (339) also' ,used IQ and critical thinking as indicators
of ability and found a significant correlation between them-and.
achieement. In his-study a 1,635 junior/senior high sehool students,
leynch et al: 1189)-fouAdIQ to be the strongest predicto of success

recognizing definitions of science terms. However; Bowyer (27)
used StA stores as measures of ability with 193 seventh graders-and
found no evidence, of an ability' - achievement relationship. When Amien
(7)%ted overr'and under-achievers as, an independent variable, he also
found no relationship between this as aindicator of ability and
student achieveinent.

.

In general,tbe 13 studies would duggest that, students of higher
abilit*oraptitude tend to do Significantly better.on measures of
scionCe,achievement than do students of lower ability or aptitude.

".

:in What Ways Are the Outcomes of Science Learning Different
for Students of Coniraiting Ages m Previous Experiencet?

Studies in this group tended to contrast students'' grade level as
an.indicator,of,their age or:elated previoUs experienge., In three,
stUdies; no evidence was found to support a relationsh0 between a
-student's grade level (seventh, eighth,lnd ninth) and an_achievemeht
measure such'as a test of'science'knowledge (Davies and fowler, 65) or

,tudents were found to do better,on a variety
A criterion achievement?, 0Asure(Stolper; 284; LaHart, 169). However,

- eight studies, older
of achievement measUlls. Iria sample of 1,635 seventh to twelfth
graders, Lynch, et al. 1189) found that'lder students did better in
theirrecognitioh of definitions of science. 'McDoffie:-(201) found
eighth graders did better/khan seventh graders on a criterion achieve-
menvmeasureA.n the Interz4diate Sdience Corrictilvm Study material.
Egolf (88) observea:rhat,eighth graders did better than seventh graders
4n solving word priblemsii,sktence, tn.a study of seventh, eighth,
iind.ninth graders,Haye994120) found'npitt graders did better on the

.
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STEP test. Based on hii sample of 108 eighth, tenth, and twelfth
graders, Treagust (304) concluded that older students did better in
spatial visualization tasks than did younger ones. King (154) also
found that ninth graders did better than eighth, graders on a criterion
achigvemenetest on knowledge of theenvironment. The NAEP study (220)
Also found significant differences between seventh and eighth graders
(13 year-old students).

$ ,

The pattern of results observed in theie studies suggests that
the longer students are in schoolthe better they may be expected
to do on achievement measures.

Attitudinal outcomes haVe been examined in four studies as they
relate tomiddle/junior high students. While Davies and Fowler (65)
'did not find students in grades seven, eight, and nine showing differ-
ences in attitudes toward science,: Lazarowitz and Lazarowitz (176)'did
find that students of these giade levels had pronounced differences in
preferences for science topics. Inkhis sample of 1,300 students from
urban and rural backgrounds, LaHart (169) found an attitudinal pattern
that closely paralleled the previous home experiences of the student.
In his study of 615 students in grades seven .to twelve, Alaimo (5)
found.that younger students had more positive value preferences than
had older students.

While grade level 'as an indicatoof previous experience is a
'useful predictor of achievement, itdost.not appear to be a useful
indicator of student attitUdinal.outcomes,

In What Ways Are the Outcomes of Science Learning Related to
Students' Environment Variables Such as Sodo-ECoiwnile and Ethnic
Origin?

Parent background: urban/rural bOmelocation, social mobility; and
race are examples of indicators of this element of socio-economic
environmental variables that could be expected to influence student
achievement, In the six studies which included this variable, race'
was the specific indicator 'in five studies--and in four of the five
studies, it mas found to be significantly related to achievement.
LaHart (169) studied 1,300 eighth. graders and found that race, parent
background and uian /rural home location were significant'predictors
of success on a criterioachievement test on ecological knowledge.
Saunders and Yeany (260) in their study of three seventh-grade classes
found white students did significantly better than blacks on'a cri-
terion achievement test. however, Siolper (284)' didnot find this true
/in his study of 129 ninth graders given a criterion achievement measure
/in ISCS. Ashrtfi (9) studied 137 junior high school Persian and

/ American students and found a significant difference in information
recall. In the National Assessment (220) iesults with 13 year-olds.
whites did significantly better'than Hispanics who in turn did better
than blacks. In one study, social mobility was used as the indicator'
of this, element. Lynch et al, (189) found that in a sample of more
than 1,500 Tssmanishs social mobility was closely related to success
in recognizing science concept definitions,:

re"
vrrt,

37



38

In the limited number of studies which included aspects of the
environmental element as independent variables, the outcomes clearly
suggest that this element should receive very high consideration.
The extent to which these results are descriptors of what now is or
are4bescriptors of limits of what can be represents an urgent, and to
a large extent unresearched, question.

In What Ways Are the Outcome of Science Learning Related to
Persona logical Variables? .

In the studies of middle/junior high schOol students, six des-
cribed the-stagei of strident cognitive development as a variable
thought to Influence achievement. In five of the six studies, evidence
was founAto support thirassumpeion. In a study of 112 junior/senior
high-school students, Lowell (183) found that formal thinkersdid
better than concrete thinkers on a test on classification. Howe and
Early (134) found similar results when they used a criterion achieve-
ment test in Intermediate Science Curriculum Study classes. Using
the STEP test as the achievement indicator, Mayes (120) also found
.formal thinkers did better than concrete thinkers. In contrast,
however, Stolper (2E4) Aid not find evidence to support a relationship
between leVel of cognitive development and achievement in Intermediate
Science Curriculum Study. When cognitive development was described as
ability to do propositional thinking, McBride and Chiappetta (200)
found significant correlations between it and a criterion achievement
test on simple machines aid structure of matter. _ With a_oample_of six
intact classes, Brown (29)_tfound a relationship 'betOe conservers and
nonconservers and their ability to reason proportional

t
y.

Based On these six studies, a trend emerges that suggests that
knowing a -student's present level of cognitive development is helpful
in predicting success in the / cience learning.context.

In two studies in which aspects of the student's learning style
were described, Saunders And Yeany (260), with three Seventh-grade
clisses, found that "internal" students did better on a criterion
achievement test than did "external" students. With his sample of 71
students, Hagenbuch (113) found that the part/whole dimension learn- 7

ing style was associated with success on an achievement test of
science process skills.

The two studies are interesting but provide a rather ltffilted
basis in a search fOr a relationship between learning styles of
students and their achievement.

/
Other personalogical variableMuch as motivation, flexibility,

work style,- attitude, self-esteem, or.self4erception have. been
examined in six studies of middle /junior high school students.. n o .

the three studies in which seudent'attitude was used as a predictor
of achievement, a significant relationship was found. Studenes with
positive attitudes do better (McDuffie, 201, 202; Hagenbuch, 113).

F:
4.
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A similar pattern for other personalogical variables did not appear.
'Young (339), fopnd that neither student self-esteem nor preference for
_instructional method'was related to achievement in Intermediate Science
CurricUlum Study. However, in two studies McDuffie (201,.202) found
that student work style was significantly related to achievement in
Intermediate Science-CutriculumStudY. Alaimo (5) studied 615 seventh
to twelfth graders and foOnd that their self perceptions were related
to their preferences in solving environmental problems. But, in.his
study of-three-seventh -grade classes, Amian (7) found no evidence of
a relationship/between personality measures and achievement in geology.

It may be that the impact of variables in this element of the
- student filler are better observed in the instructional context rather
than in the outcomes of instruction. Since the results do not support
strong relationship between personality characteristics and achieve-

ment, it maybe that looking for relationships between the students'
personalogical variables and behavior in the instructional
context is a more useful area of research.

Summary

fterging adolescenri learn science and demonstrate positive atti-
tudes toward their learning. Based on the 64 1979 research studies
that included an element of the student filter, it would appear boys
and girls do not consistently show differences in their achievement;
students with higher aptitude do better than those with lower aptitude;
the longer students have been in school, the better they will do in
achievement outcomes although a similar pattern for attitudinal out-
comes was not found; environmental variables such as home background
and ethnic origin appear to be significant contributors to outcomes
of the science learning context; variations in personalogical variables
such as cognitive develOpment level, learning style, motivation, and
attitudes show significant correlations with achievement and attitudi-
nal outcomes. The extent to which some of the elements of the student

. filter are limiting factors on science learning or are factors that
themselves can be changed is a,challenge that must be marked for
continued study.

The Teacher Filter

In the three research studies reported in 1979 that included
elements of the teacher filter; each one reported significant diper-

.eeces between the teacher element and.student achievement. With 172
pupils, Horton (132) found that teacher knowledge was directly related
to how much the studenti learned in Intermediate Science Curriculum
Study. He also found that the degree of commitment a teacher had to
the philosophical orientation of Intermediate Science Curriculum Study
was significantly correlated to pupil achievement. McDdffie (201),
in his study of 769 seventh and eighth graders, found a significant
correlation between. what teachers expected students to achieve and'

' , 47
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student pefforMance on a criterion achievement test. The inference
can be drawn that if a teache; believes a.sbudent can be successful- -
the Student usually will be. Spe4be (177) reported on factors that
students said Influenced them to participate in science fairs. A
significant fa for Was their belief that the teachers'thought it was
a desirable thinggto do;

That teachers influence their, pupils is a widely accepted truism.
How specific elements of the teacher filter facilitatelthis influence
is an.unexplofed area of research in the l970-studies.

Thellftatmetiolilker

In this third filter, there are two elements that are identifiable
as sources of variation in student achievement or attitudinal outcomes
in the science learning context. These elements are the content of
instruction and the strategies or methods of instruction plus the
interactions between these elements and elements of.the student and
teacher filters. A summary of the 22 studies for these elements and
their interactions is presented in Table 5. .

be 5

Categorization of Stt ies in the Instruction Filter

Elements No. of Studies

Content .

What ideas?

Content + Student
\

What ideas with ghat students?

Content + Teacher /

What ideas with what teachers'

Methods
/

What instructional strategies?'

Content + Method

What curricula?,

Content + Method + Stude nt

What curricula with what students?

6

.4

2

6

60

'71
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In iii i Ways Are thetutcometof the Science Learning Context.
Intl ced by the Conte* of instruction? .

In three of,the studies reported in 1979, surveys of s ecific
s ience concepts describe what students need to know. Tye re (305)
eported that eighth graders in Alberta were weak in eart science.

Jorgensen's (144) study described what concepts in outdoor education
should be included in the junior high'school. Schlenke and Cronwell
(263) describe what concepts in marine education shoul be taught.
These studies were attempts to ascertain which ideas ould be included
in science instruction based on surveys and opinion onsensus.

A second approach to deciding the content of nstruction is to
secure empirical evidence that the content makes = difference i student
achievement. Russell (256) studiedthe'impact o specific instruction
with a problem solving modal on the problem so ing behaitior and
critical thinking of 287 eighth graders. He und that instruction
produced significantly better achievement th the use of a conven-
tional textbook in comparison classes, Ego f (88) _also found that
treatment and control groups were signific ntly diffikent.in their
problem solving behavior when given speci is instructions in solving
word problems. In her study with six cl sses of ninth. graders, Brown
(29). found. that teaching students propo tional reasoning resulted in
differences in achievement.

, Clearly, the evidence suggests hai instruction in specific
content say be expected to result n 4ncreased criterion achieve-
ment performance.

In What Wpys Are the Outcomes or fence Learning Influenced by Ai

Interactions of Specific Content an Students In the Instructional
Coolact. ,- 01

2

McMillan and May (2 ) reported the only study of this element.
'Theyflinterviewed 53 sev th, eighth, and ninth traders to find out
what 'factors the etude s thought influenced thr attitudes toward
science. In general, ys said they liked scieWce more if the
content was useful. Girls seemed to say they would like science
anyway.

Student int rest in theccintent seems to be an important area
for research tt dy--but the reports of 1979 suggest that during that
year it was 1= liely unexplored. 4

r
In What W s Are the Outcomes or Sciehce Learning Influenced by
an Interne n of Specific Content And Different Teachers?

7"
N studiei re foundatn the 1979 research reports in which

. tne
rese cher explokeyed how teachers may be interacting with science
con pt or curricula. Informal experience would suggest that this

-

-t:111 erection hat thepotentill vf explaining a large amount of variance

40
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in student outcomes. Empirical evidence is needed to help understand
whAtm elements of the teacher filteemay, be interacting with the instfuc-

.

ti filter to produce differences in student behavior and outcomes.

.

IA What Ways Are the Outcomes of Science Learning influenced by
the instructional Strategies or Methods Used?

Instructional strategies described in the tour studies of this
element were the use of advance organizers, graphs, and simulations.
Sherbo (267) compared the use of advance. organizers with not using
them and found no evidence that their use was related to student .

achievement. Batty (15) did a similar study wih'95 eighth graders
with similar results on a criterion achievement test on oceanography.
Dunlop (81) compared the use of an energy simulator with conventional,
instruction. He found that stud ?nts in the treatment group and their
teachers had significantly, more positive attitudes toward energy than
had the comparison groups. With a sample of 265 seventh graders,
Roller (252) contrasted the instructional strategy of integrating

.rgraphs in,the text with having them isolated frob the text. She
' found that students whb had the isolated graphs Old .significantly,

better in reading and interpreting graphs..

The four studies related to aspects of this'element are encourag-,.
ing. They provide explicit empirical evidence ais to the usefulness of
specific instructional strategies. Thisvis in contrast to many
"Method A" versus "Method Ba studies in which the method itself is so
global that it is nearly impossible to describe definite patterns in

astudent outcomes.

In What Ways Are the Outcomes of Science Learning Influenced by the .
InteracdonttSpecific Content and instructional Strategies? ,

..
- . - . - .

In a more general,sense, the content and strategies of instruction
can be defined as the science curriculum. Two studies reported looking
at aspects of this element. Davies and Fowler (65),compared student
achievement and~ attitudinal outcomes where students had the option of
a set of elective minor courses or .the textbook. They found. no -

differences in either achievement or attitude. King (154), howevei,
compared the influenceof both the contentand strategy of using'field
experiences. In one treatment group they had field trips before class
instruction: A second reatment group had cias4 instruction. before the
field trip. A third coup had the class instruction only and the '

fourth group of the l8 eighth graders had the field trip. King found
that students who had he field trip then class instruction-achieved .
the most, follb4ed by students who had class indqruccion-and then the

i field trip, and last; students who had the field trip only: These ,

three groupsall did significantly better on the criterion achievement
test of environmental knowledge than7did the in-class instruction only .

group.

When the total curriculum is th independent *variable,- itiis .

possible to find significant differe es in(the'Wutcome. measures.

-....._



43

.
,

The power of tke'trettlent must,be. tremendous for.it to surface through
all the other variables that may be mixing below the level

.

of the researchers.
. e

' k. -v4 , 0

Ways
A

In What a Are the Outcomes of.Science Learning Inflamed by the
Interaction of Spetific Content, Instrucdornal Strakegies and Students
oUDiffering Characteristics? '0 :

-..,. - .. .. , .

In the *ni studies- that provide data for this element, there is'
,

:a range%of magnitude in the independent variables thsught to influence °

Instructional outcomes from a contrast of. a total-curriculum package to .,

tontrasta-in teaching style to contrasts in specific order of instruc-
tion in a lesson. , 4

%

2.
e2

#0
0

: .wing a larger time format,011soi.(210) studied the impact of, 0
hands-on curricul46 as compared.wiChlread-abouir,soience instruction

:
.

with six classes of below- level, reading students. Ike fodnd thaethe.
hands-on approach resulted in significantly better attitudes toward
science. -Magenbach (113) contrasted the student odtcodep'of science

.
. process skills andattitudeatif 71 st4dentsin classes'of Introductory ,

4 Phydital &Inge and. ntermediate.Science Curriculum Study:: He found
,.

.... cigaificant differences between the .,classes to be related tl student
.... -

aptitude and .cognitive style. When Greene and .Szabo (108).'-developed a ..,.' .

.modified 'readiag 1evelotintermediate Scialcepirriculum Study, they'
Cound.-that students of- -different abilitles'in the treatment group didl' .,

...

not seers Co benefit from the 'modified reading materials-based on a
1, . criteriorrichieveient tett in Inteimediate Sciente Curriculum Studz. ,

A 4 1 .
.4 2 .

40. . ,

.2 0 v
.AFien '(.7) contrasted the impact -of a.'modulaestudetit-cepteredt

..

cmrriculum With a''convenfiqeal'reacher-centered curriculum. When thA
results of Ole achieVement and. iletitudes or the students were analyzed,
no_evidepco`was,fOund hat.student'aptitudeiland personality variables
or ,instructional tiltatments.were'isedciateevith the Outcomes.,-'

i0riffan (109) studied the order of instruction: using a visit to a.: ,

planetarium before clase4nitruceion or using it as a review after .

41. clastinstruction. lie found that tkighichieving students? attitudinal.

outcemes..trendee,,to.clecline after Planetarium visits. With a sample of
, . ill, EvangiN-(93)Cdtirested bOtb,the.order of science presentations

(demonstration then,tfleoq4or theory thaedemonstration) and the degree
t

of unexpectedness in the event (expected or
t
surpOsing)with students

of sam0400,,sciehce,achievemint and gender. 'Me found-no evidence to
'aupport'that either order or degree of'unekpectedness and student
" characteristics influenced achievement: .Bowyer (27) hypothesized that
thetypof advance organizer (verbal or visual) would interactin

,

different ways mith4 students of contrasting ability. No difference in
a crirerion'achievemenetest,gero found. Saunders and Teeny (260) used

. three classes Of junior high sChool students to study the impact of
instruction in which one group received diagnosticlests and remedia-
tion, a- second group reviewed the diagnosticatest only and the third
comparis n group had the'instructional objects. key found that the
diegnost. test and remediation group had lainificantly greater achieve-
ment on a criterion test. They also found that the learning style of
studenet and ethnic origin were significantly related to the outcomes.

r.
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'Internal" white students did better in this instructional mode than did
blacks or those with an "external" learning style. Vinelli (315) .also
found that the mode of instruction (teacher control or student control)
was related to a dependent variable--xhe degree of dependency on the
teacher that starents exhibited.

RefleCting on these studies, the evidence is weak at best that
content anchinstructional strategies have diffeient influences on
Students of different characteristics. Two factors may tie confusing
the research. First, the iftdependent variables may be too global or
.too unspecific for us to precisely identify what treatment and effect
may be-expected. Second, it may be that the direct observation of
'impact is.more productively made of what students do in the classroom
/rather than of terminal outcomes. If what students do while learning
islinked to what is learned (anunexplored area in the 1979 reports
of science education research), then studies on how to use the
science curriculum to modify what students do are essential.

,

Summary
. -

lit the 89 studies in' which the science learning outcomes of the
emerging adolescent were studied, variations in.these outcome's were

found to be described in terms of the ellemenis of these filters.

The Student Filtert(n * 64 studies)

A. Gender no consistent-differences,iound

81 Ability/Aptitude - higher ability students do better
than lower ability students

C. Previous Experience - the longer students are in school,
the higher their achievement

.4

D. Environmental Variables - ethnic origin and home background
/ are clearly associated with
achievement outcomes '

E. -Fersonalpgic41 Variables - formal thinking students d6 better
than concrete level'students; too
few studied involving learning
style and motivation were reported
to ascertain a trend'

The Teacher. Filter (n sg 3 studi s

A. Teacher Knowledge

-

B. 'Teacher Pedagogics

"1

O

- too few studies to establish a
puttee'

Skills -*too few studies to establish a
pattern

1
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The Instructor Filter (n 22 studies)

r

s.

ti

A., Content

B. Method

,

.1

is%

$

4

.

Anstruction in specific content
increasestachievement

some instructional tactics are
. ,related to achievement and attir

tudinal outcomes

I

A

'V

V

.
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SEARCHING THE SCIENCE
..

LEARNING CONTEXT Of THE ADOLESCENT
e

.' . .
X , *

r
, -High school - -,the place for serious preparation. for college days

or the terminal sehooling\for the student -- illustrates an immense
challe4e. Should the context be directed toward providing an
academic foundation for college students or a vocational emphasis for
students who.vilw high school graduation as completion of scbooling?

.
. . y.

In this section, the research studies will show new evidence that
the final word is yet to:bapronoupcd as to whit can or should be the' u

outcomes ana most useful Interactioet-in this context. I

. .

.c........
, 4 0

' . 4 The Student Filter .

,

ILO he science education research reported,in 1979, thereitwere. '
Irj

...,' .. .. .

s studies,

le_

elementii,of the student filter. These ele -
mega have been groupeq into 6v67'categories--gender,ability/ .

aptitude, age/pTeviouCextierience,% environmental, and personalogicd1.
1-a-taiste-6-a-survey -ofTthrtindinger,-is--given; ,, ,

-1

.°.
46

:
. . In What Ways Are the Outeekesin Silence Learning Different ,

,..

-- ForBaysThanFereitb? %
.

:,

.

. .

1.

" , :
, The.difference between girls' and boys' achieveient in science .

was examined in ten studies reported.in 1979. Id seven of these
' .studimikno.differences were found. With the 25 ttudents in his

sample, Stitt (283) found no Aidence,ara gender-related difference
.

_ on aCritetion achievement test.- Stephenson (282) studied .86 Iiigh .
school chemistry students and found boys aid ,as well"-as.girls on a, ,,,

criterion achievement test. McGshan's (203Yresults*i h 102' .chemistry tv..,

.ttudents were -similar. Cohen looked- at the prog zsoliiing of 223 '-.

,liligh 'school students and found no gender differences in ons,r perfor-1,

mance. _with a sample of 60 twelfth griders,,Brown and4Butts (30) found
- that boll 41.d as well as girls on a criterion achievement test in human,

physiology/. In his sample of 34 secondary students, Wormack (333) ...

found boys' and girls' performance similar on the STOP test:' With .

.129 tenth graders in Jordan, Kishta (158) found that the cognitive
development of boys was similar to that of girls in his study.

/

. . In contrast-to thii trena"of no gender-related differences, how- .'
.''ever, Jimenez and Rosendo (140) found that boys did better than girls
on a criterion achievement test in physics and on the Wisconsin,
Inventory of pience Process. The National Assessment (220) results

_for 17 year-olds clearly snowed boys doing.better thaoilirls in every
'area except decisionotaking--an area of excellence fot,the -girls..
Thompson's (296) results show that British -girls differed froiNboys
on their physics, examination performance.

(

4 j(
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Table 6

.
Research StudieiRelated to the Student Filter on the High School Science

Learning Context

.

N.

- Findings -- --
a , No. of . Related, to Related td

Element Studies Achievement Outcbmes Attitudinal OutcOmes

Gender 4

.Ability/Aptitude

4ge /Previous Experience

Environmental

Personalogical

10

16

11

21

,75,

ND

7

1

7

2

3

H>LH<L- ND

6

3

3,

3

1
411111.0.

H>li H<L

2

. 5

6

2

. 14

1 1

1

4

3
411111.0.

4WD
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'Attitudinal outcomes that have imen studied include students' att4- ,

tudeetoweid science, curiosity interests, and intetest.as expressed in
:'. 'their selecting additional pcience courses. With a sample of 41,1 tenth,

' eleveniWand.Iwelfth graders, Kuhn 11467) fount- to haire a''more

.
positive attitddetoward science, than h10 girls. Inhit'study With.2761
Israeli high school students, Tam*ri(291).found noiiliferences in the
scientific curiosity of boys and gi Is. Gay (103) found nagender-

I
related factors in course enrollmen but Omerbd et al. (228) found - :

that boys !'tended to select physics specially if classes were cbleduca-
'tional. IA contrast,. girls tended to request physics. if the'classek

...1

were limited. to gials only. In fou other studies, no evidence for a

i"

gender-based difference'was found i students' attitude (McGahan, 203),
attitude toward the environment (Ku las, 166), interest in science 1 !..

(Stitt, 283). In a study of 86 students, Quint (246) found that atti-.
tude changes id parents as a'result of their chi,ldren's science exper-
iences was'similar,regardless of the gender of the student.

...

..
.

While the results of four studies do not explicitly fit this .

conclusion, most of.0e,studies (n 0 13) reporting gender Asn .

variable show evIdenceSat at the, high school level, boys and girls
. can be expected to have sAmilar achievement and,aitltudinal outcomes.'.

S. .. - .- .-
4 .. .

. ,
In Whit Whys Ave the Outcomes LeIrning Different Foi'Studenb-of Different
Aptitude efAbilitYls , . .. .

.

f.."N: N .
.

Teachers usualAy%expectoptients with known high 'aptitudes or
abilities to do bettetiin OaLsAge'than students with less ability.
ICthi ten studies In.which.this.element has been'includedthis
seems to. be true for achtelisment,butnot for attitudinal outcomes; °

"Brown and Data (30) found`that twelfth graders with higher IQ's did
bettel on their criterion SOieveient*test in physiology. Zvi et al.

(340) examined the peqormance of 440 tenth and eleventh grade Israeli
stu dearao in chetistty andlfound It closely Correlated with IQ. In

Jones' (142) stud a similavconclusion wad found. Lueekemeer '(184)
Used the DAT as a measure of aptitude and found it significahtly
related to a Criterion achievement test. In his study with 93 high
school biology students, Long (181) found a strowl relationship
betWeen.attituda.and achielliment in biology. 'In one contrasting .

study, however', Grant (107) found no aptitude-related differences
i the Kitten problem_ solutions of tenth, eleventh, and twelfth.

i
g dens.

.

Wheh attitudinal outcomes of science learning ate consisiered, an
oppolite trend'is observed. No aptitude differences in students'
attitudeswere found by Brown and Butts (30-, Long, (181), and Kudlas

(166). In his sample of 75, Quint (246) did find that parents of
high*ability students shoAd greater changes in their attitudes

.. toward theenvironment.than did the others in the sample.

4'4

As would be expected,the results ofthese studies suppliirt the .

conclusion that brighter, more able students achieve more but that how .,,,

students feel about science is not'related to
.
theivability/aptitude. '

'48
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In What Ways Are the Outcomes of Science Learning Different
For Students of CIPIttrasting Age orPrevious Experience?

r

t

-"Aition-achievementsoptcCimet were oieminedt'mnit'studies foond'tht, .
-

ageipkevious.schooling experience indicators were not sigaii-icnnely
related to dependent variables. In a samoleof 34 high school-:
students, Wormack(133I found-no-evidence that age was related to
score on a criterion achievement test Of science knowledge. Kishta
(158) studied'12.9.tenth-grade Jordanian students and found no evidence
that age and cognitive deVelopment were related. Inthis sample of 40
ninth and eleventh-grade students, Bady (11) was unable to detect
evidence of a relationship between previous school achievement and
students' logic in testing hypotheses. ,With 81 Saudi Arabian high
school students, Mulla (217) was unsuccessful in a search for a
correlation between age and.teaeher grades as indicators of achieve-
sent.' Grant (107) examined studenes' solution of science problems 'and
found that tenth, eleventh, and twelfth graders did about the same. *..

With 86 high schoorchemistry-students, Stephenson (282) did not find
t.N

age to be.related to performance on criferion* o.chemistry test,. but

did find a significant relationship between student grade-point 11;:'

average and achievement in chemistry. While Collins (54) did not'
find-any evidence of a relationship. between SRA achievement in 4,.4

science, mathematics, or reading with a criterion test in physics;
Jimenex and Rosendo (140) did find, with a iample,of 2,8 physics
studentsin-Mexico, that the cheMistrylbacigroundPhyskes students
had was significantly related to theirachievement in physics. Con-
trasting tenth and eleventh-grade students in,Egypt4 Abdel-Rahab 2)
found a significant correlation between glade level:11nd physics
achievement. National Assessment (220) data shpt a'significadt
difference between student achievement in graded te01,01even,, and

twelve. An interesting pattern in these results-is tie marked Leer:
performance of 17 year-olds in grade ten as eontrabted with 17 }dear-

.

olds in grades eleven add twelve. Thus,while,fge itself is not,a
variable in thesedata,/tle grade level is. Van der bell (31.1)
fiud,"however4 in his study. of 66 high.school and*c6llege stntents.,*
that,older students did better in tests'ot-pFopositional thinking...and
analytical;'- thinking. In an interesting study, rYbeck lirked'at
tenth - grade, Swedish students' understanding of a Cartesian DiAer
demonstratiod. He. found that tpddistanding was clopely associated
with measures' of the releVade,schoolaxperienced'of students, f' .

.,/
.

Within theeinarrow band of age dit6renced in the: high school,, age 7,°

per se does not seen) to be a significant contributor to acNievement'_
outcomes.. But, when the natuft.lok Ast expediences are-considered:: -.
especially those experience indicators that are closely, related to "4*

the instructional context, certain past vcperlende indicators of -
stddenti are.useful predictors of'acglevementin science.

. o,.

1.

.
. ?

.

While the relationship betWeen pad?" experience and achievement may
have a substantial base; a similar reletionship'betWeen experience and
atkitudnai outiomei..is,not as clear., In a study with 143 tenth and '.

..

twelfth' graders,. Kuhn (167) found no'ividencd of a-relatfonship.between
student agegrade completedor neislAr of high school sciOte courses

. p
and_interest=in energy-related topics...'-'.

.4 Nt '

.; .

..
5_7 ,.: t. : Z..

.--...t.%,
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i..;1,1t:

. Quint (240) found that student age did not seem to relate to the
laipact On parent attitudes. Witha sample of 122 high school biology
students, Kudlat (166) found no evidence that age was:Telated to

1. ":afticildi chingel.
.

#,,,.

ft

't o

all

i'`,:t These studies may be indicators that attitudinal outcomes at the
hifh school level are relatively stable and not'sub3ect to the age-'
related fluctuations Observed in younger students.

I .41, .
,,,,,- ..

.. ,
.. v .

At the secondary level, a student's previous experience rathgr
'thadage'Appears to be a contributor to success in science achie4tz

1

An but neithei.age nor experiende appear to be related to'attitudi.!

na
___,

l, outcomes. r

:, .

In What Ways. Are the Outcomes offKlence Learning Related to the Student's Environmental
%aground Variables?

*,
t'' Of the 11 studies in which to school student's environmental
background such as sOcio-economic or ethhic origip Ifiereconsidered as
-a variable, on4fylour looked at the contribution of this element to
actlievement.Olitional Assessment '(220) reported that, in 17 year-olds,

.44ace was a sigigicant variable in.all categories: whites did better
than did Hispanics who did better than blacks: Kishta (158) used a
sample of 129 teeth-grade'students to see if United States and Jordanian
students differed in their cognitive development performance. He
found United Statei students significantly more advanced.than Jordanian..

\and urban more admancerthan rural students in both cultures. In his
81'Saudi Arabian students, Huila (217) found that urban,and

rural 'btudents'did not achieve differently when the indicators of
echieVement were teachers! grades. Stitt (283)found.no--4vidence
that socio-economic status was related to achievement in dhimistry.

$

In 1979, researchers hypothesized'a relationship between this
element and a variety of attitudinal outcomes. Gay t103).found more (
whites selected physics than-placks. In his study of students' atti-
tudea toward-sociallY-related science issues, Uzzo (309) folad that
Puetto Ricans were, more conservative than were whites while 'Racks were
the most liberal in theirs attitudes. tftece (277) looked-at factors
that appeaied toinfluence students" decisions to partibl-pati'in
-science fairs. She found that both Neither And parent interest in64,
science fairs were,sigIliticant factors. Quint (246) found thatsocio-r
econdmic.status indicatOiSAnd pairent occupations seemed not Co be
related'to changes in parent's attiNdes toward,ehergy conservation
when ;their childrenyeteived special; instruction. Both kudlas (166)'
and Stitt (283) found no evidence that socioeconomic status was
related to attipude changes? Tamir (291) did find that United States
Stedents.xdided to be more curiouA than were ,their Israeli counterparts.

g 6 , 1

4
Theocomplex nature'of.thiS'epyironmentally-oriented_elemeilt makes

explicit conclusions.difilcultv In most cases, howevtr, ethic and

baCkgrpunds seem to produce pronounced differences In achieve
-menitor.attitudinal,outcomes. -

P ,
o

.
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In What Ways Are the Outcomes of Science Learningkelated to Otudent Personalogical
Variables?

. .

By the-time the student is in high.school, many researchers expect
that cognitive develdpmea may be nearing its highest level and that
learning styles are established. In most of the studies reporting on
these variables, the 'tore advance t level of cognitive development,'
the better the student's achievement. )Wormack,(333) found titat of
the 34 high school students in his sample, those who hadiligher.struc-
turing ability did better on a criterion achievement test.. Using a
sample of 110 Nigerian igh school students, Ehindero (89) found that
formal students did bet er than concrete students in.biology achieve-
ment. Lybeck (188) fou a similar relationshiplor 'physics students:
Holden (126) studie high school biology students and found that
formal students outperformed concrete students on an achievement test
in-ecology. The students seemed to Show no difference to their atti-
tudes toward the environment. Cobern (49) also found formal students ,

doing better in biology, as did Stephenson (282) in a study of chemistry
achievement. However, two studies yielded contrasting results.
Collins (54) studied 100 tenth and twelfth graders and found do evidende
of a relationship between their cognitive development and achievement ip
physics. Grant (107) used a criterion test of problem solving and found
that Siudents of different cognitive developient achieved similarly.

. . :

t I-Two,dimensioni of learning sty were reported in,dtukes of high
school students. The influence of field-inderandenen

.

and field- .

'''

dependence was examined In two studies. Douglas (.76) fotind that field,
dependent student's did better on a criterion biology test.: In contrast;

.,.

Holden (126) found that field-indeliendent students acHfeved morer -4tsit
4
.

ecological knowledge.

Three studies reported investigacingthe contrast beceeen ',
.;

"internal" and lexternal" learnintAtyles:, Lonvei abk. (lity found§."
no evidence that "internals" or "eltiernals'ilearfned more, blology.

Holden (126),:howaver, ound.Pinternals%did leath,:more icolOgY,thanv, .

. did "externalsand'thit they.had a Aore'posittve attitude toward'
.

their environment. .Ebeling (87) alsd,found,that,"inkernile_had a mores .
positive attitude: toward the' environment than did "externals:"

...,
. .. ,
Knowing a student's level-of cognitive development provides'sub-v.

spantial infdrmation that helps understand a student's achievement or r.

lack of,it. _Knowledge As Student's cognitive development or learning, .

2° 6.. -,

style provides little help, hOWaver, in understanding attitudinal -
-

. e

outcomes.
, -...

..... .

,
... .

At', the second-dry level othet:Rersonalogical 1,eriables included

cogp*tii4,preferencs, study hob s,-motives, self evaluation and ..,

interests, anttme spent-studying% Theobal,d NO) found that cogn1-
. t ive preference, i.e., opeemindetineskcontributed stgnifitantlyto
- achievement in biolbgyo Dekkers (68) also; found cognitive preference v

. to be an i4ortant variable. Evi'et al.: (340) found a° student's Cogni,
/

.

.-

,-
t..iv, et.., ,preference to be related o achieveient in cheMistry. k.%

- a..
.

'
- ..,.

A

't.7( 5r)
, -
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Commitment of the student is another personal factor related to
success in achievement. In a study of 28 Mexican high school physics
students, Jimenez and Rosendo (140) found achievement to be related
to time'spent studyinh In aistudy of 81 high school students in -

" audi Arabi, Mulla (217) found a significant correlatiqs between
student. motivation, tolerance for ambiguity, anxiety ash self
evaluation, and thel.i science gra4ps. He did not find evidence_of
a similar correlation between student attitude and study habits.

Stephensori (282) found no evidence that student dittitude influ-
.

'enced chemistry achieirement. Kuhn (167Y found a similar lack of
evidence, forstudent ttitudi.and interest in energy conservation.
Spiece (277) did find a correlation between student interest in
science fairs and willingneis to participate. Gay (103) alsofound
a correlatiOn between student interest and enr541ment in.physics
classes.

Thus, knowing s ething about a student's self perCeption,
interest, and motive ion can be useful improving instruction.

Summary

. . Science learning is occurring in high school. Based 04 the 75
1979 research Studies that included an element of the student filter,
it mould appear that boys and girls do not consistently show differ-
sences in their achievement;students with higher aptitude-do better
than those with lower.aptitude; students with relevant previous exper-
iences rather than mere age do better onackevement but variance in
attitudinal outcomes is unrelateetoage/experience; enviKonmental
variables such as hometbackground and ethnic origin are significant
contributors to outcomes of the science learning context; variations
in personelogkal variabled such as cognitive development level,
learning style, motivation, and attitudes show trends of being useful
predictorsof achievement.

The Teacher Filter
. .

, . -

. ----. .
Within the science 'learning context of the high school, 13 pf

the 1979 research studies included an element of the teacheefilte
as an independent variable. In these elements, indicators were hoW
either a teacher's knowledge or pedagogical skills influences student
achievement or attitudinal outcomes.

In What Ways Are the Science Learning Outcomes
.elnlluenced By A eacher's Knowledge?

The depth of knowledge o'f a teacher was 'reflected in two studies.
Spencer (274) surveyed British science teachers as to the source of
Acientific information they used.. He found that Most British science
teachers depend on other teachers for their information rather than on
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published sources or professional organizations. Bruno (33) also noted
that teachers in rural areas usually taught a-wide range of courses and,
by implic,;tion, had little time for adequate inrdepth excellence'in any

single science subject area. Toews_(300) found a significant correld-
; tion between the teachers' knowledge of the structure of the subject

they were teaching and their students' achievement. In his study of
78 superior science students, MacCurdy (190). noted the higb\ly important
effect on students of a science teacher who was a person to,imitate.
However, Romano (253) reported an interesting study of 35 biology
teachers and their students. He found no evidence of,a relationship
between teachers' performance on the National Teachers Examination and
their students' gain on a different standardized achievem e examination.
He did find that 46 percent 'of the classes showed_ Live gain for
the year--that is, the higher the teacher's score, the less the students
gained.-

The precise re'ationship between what a teacher knows of the science
content to be taught and the intended outcomes of science instruction
thus has received a little attention in*.the research of 1979. However,
it appears that student learning is influenced by teachers' knowledge.
Why this silence in our. research?

In What Ways Are the Science Learning Outcomes Influenced By A Teacher's Preactive and
. Interactive Pedagogical Skills?.

,Preactivi pedagogical skills of high schoO4'cien'ne teachers were
the foci of foucresearch reports. The, opportunity a teacher hai to
reflect on the methods and materials for instruction seems to be the
most frequent concern. Welch (325) reported that teacbers.believe they
yiedd inservice and curriculum development under federal sponsorship. %In
his study, the teachets' principals agieed with the priority, of need,
but believed it is best done at the loca' school district level rather
than external to the lace). context. In contrast, Moore (216) reported
that 80 petcent bf the 'science teachers in Tennessee had not partici-
pated in an inservice workshop since 1972--and that most of them were
satisfied with their present mgram. In her needs assessment of
science in Tennessee, Crockett (59) found that parenti and studefits
thought teachers needed-new ideas. -In the results of his suriey of
Nebtaska science teachers, Bruno (33) showed that they were still using

.

conventional teachinvethodsland materials--and were quite satisfied
with them.

.

At the secondary level, scant attention seems to be given to pro-
viding the science teacher with fresh curriculum,materials and strate-
gies. Is this reflected in the current decline in the science
performance of 'secondary studente

. ,

That the teacher's behavioi in the classroom (interactive peda-
gogical skills) is a significant factor in student learning seems

'logical, but empirical evidence that links specifit teacher behavior
to student behavior or student outcomes is not easily found! Manley
(1'94) did study the extent to which teacher behavior in the learning
environment influehced studentseartitudes toward chemistry, He found

6
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that the teachertsIverbal behavior in interp
try tias a_significant contributor:to-student
Bollinger (25) found a significant correlati
verbalhehavior in the cience classroom and
science. 'He did not f d evidence for zytim
teachers' nonverbal behavior and student att
ever positive teacher tended to have a gre
tional activities.

'loss (254) looked at how teacheri and pr
adequacy of the science learning environment
tended to rat, it much higher than did teache
Hassan (119) studied how 'students perceived t
when they had teachers who had quitedifferen
strategies. In his study of Sudanese high sc
no evidence'of differences in how students pe
when they had a,teacher who demonstrated cust
management strategies.

Does a teacher's actions in the Clasiron
student achievemeqt and>attitudinal outcomes?
so, but evidence is needed to clearly support

The Instruction Fitter

se.
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eting key ideas in chemis-
t positive attitudes.

n between a teacher's
student attitude toward
lar relationship between
tudinal,outcomes. How-
ter variety of instruc-.

ncikals perceived the
nd tOund.that principals
s most of the time.

e classroom environment
'interaction control
ool students, he found
ceived the classroom
dial or humanistic

makes difference in
Different groups think
his assumption'. '

A third contributor to the differences in student science achieve--
ment and attitudinal outcomes is the instruct/ nal conielct. Within
this context, both the substance or ideaior c ntent and the instruc-
tional strategies or method's were examined in t e 1979 science education
research: Some studies also 'dealt with the int raction of elements of
the student filter or teacher filter with. the i struction filter. Thus,

by letting the "order of things" emerge as foun in the 54 studies that
examined some aspect of instruction as an indep ndent variables the.
"order of ideas" or elements are as follows (se Table 7):

what ideas,
what ideas with what students,
what ideas with what teachers,
what instructional strategies or tactics,.
what curricula,
what curricula with what students.

From these studies, the evidence is rather clear that variance in
student achievement can be modified by changing llements of the
instruction filter.

64'

I.

'Q
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47. Table 7

Summary of Number of Studies in the Instruction Filter

Element. No. of Studies

Content

'What ideas? 16

Content + Student

What ideas with what students? 4

Content + Teacher

What ideas with what teachers?

Method

What instructional strategies or tactfCs?

Content + Method

What'curricula? , 4

A

6

13

Content + Method + Students

What curriculum with what student's? 11

c, ,
In What Ways Are the Outcomes of Science Learning
Influenced by the Content 44 That Learning?

elk.
1

In the 14 studies that report results related to the content or
. ideas that are or should be in the-science learning instruction, there
are four types of answers: a). what shoUld be based on a philosophical
stance, b) what should be based on analysis of current practice,.c)
what should be based on patterns of curriculum development, and d). what
should be based on empirical studies of the impact of specific ideas.
on student outcomes.

55

Two studies included a philosophical orientation CO' what-should be. c

Munro 62.18) developed an argument that science instruction is educa-
tionally valuable to the extent that it is consistent with the 'nature '

of science, In Crockett's (59) Tennessee survey, hhe found that parents
believed science should be included inthe high, school and that they,
-the.parents, should be involved in,curriculum development for these
science courses.
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In the six,studies that described the current., content of science,"

a range of questions were explored. Levin and Lindbeck (177) surveyed
biology textbooks to see the extent to which they included such contro-
versial issues as evolution, disease, drugs, environment, human -

genetics, humah reproduction, origin of life, population explosion,-
radiation, race, and matt in nature. They found no text that included
all the issues. Skogg (274) traced the inclusion of evolution in high
school textbooks. In his survey of 92 texts published from 1900 0
1977, he found little attention given to the topic'prior to 1950, a
high emphasis from 1950 -1970, and a significant decline in emphasis'
since 1970.

.

Roy ( 55) presented a similar analysis'of what has been empha4'
sized in arth science concepts.. Jones (143) designed a'scheme for
analyzin a biology text. In a survey of current practices in
Nebraska, Bruno (33) found that five of the new secondary material& ,

were being used, few advanced science courses.Vere being offered and .

that there were very few efforts to update oremodify the content
the science curricula. s.

, One way to influence sr update the content of 'science instruction
is to develop new or modified curricula. Four replAtsdescribe the
.efforts to do this,, (139) developede chemistry course'
for students in Kilwait, D,ienye (73) designed a population education.
curriculum for Nigeria,-Foster (97) designed a curriculum in ecology,
and Marathe (195) described a model for curriculum development.

A fourth dimensibra.of this elemerit of, what ideas will influence
achievement and attitudinal outcomes thq.experimental

studies to evaluate empirical evidence-that specific ideas or content
does make a difference. In a study with 276 students: Tamir (291)
found that inquiry as a topic of study made a significant. difference
in students' curiosity. Gibian (105) found that instruction on a.
specific problem solving model produced significant ,ichievement and
attitudinal changes. Pollan* (243) looked at hoW instruction with
analogies would influence achievement. In his `sample of 129, one

group received highly complex analoglei while a second group had lower
complex analogies and a third group had no ,analogies., Only those
students who had the hithly complex analogies showed differences in
achievement. Bullodk (35) found that including water models in
physics instruction influenced'students' physics achievement. But

Lawson et al. (175) found=that biology instruction did not produce
an increase of correlational reasoning. ,

National 'surveys show thahe textbook is the overwhelming'
powerful source of content for,aecondary classroom's. Students are
noelikelyoto learn ideas for which they have no instructiorior
experience. These studies would suggest thit the content of secondary
science classis is not being substantiaW-influenced by current
scientific thinking or social concerns.
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In What Ways Are the Outcomei of the Science Learning Context
Influenced by the lnteracdon of Content and Students of
Differing Characteristics?

' When thik.cOntent of :Science instruction is considered either
through the'eyes of high school science students or in the. light of
student characteristics, a valuable 'source of informatioeis'available
tothe.teacher. Dekkers and Allen (68)' found that student preference
for specific ideas could influence school practices. Adbel-Wahab (2)
found that older'students achiev4d lore than did younger ones. Taylor
(292) reported evidence that physics textbooks were biased against -

'girls: However, Unan (308) found that, given the same biology content,
;girls achieved more on a criterion test than did boys-

O

. Is it.possibleshat the same content will not fit each student
equally well? If so, what student characteristics should be ;on-
siderea in modifying the content? Thii question remains unexplored
in the' 1979 research'repores. .

N

In What Are theOutcomes of Science Learning Influenced by the In ityacdonof Conten
and Teachers of Differint Characteristics?

this eleMents teacher characteristics suchas.background know-
ledite:cognitive development, and teaching strategies have/been

Thews (300) found that the teacher's knowledge/of a
subject-centered curriculum or a ultified.science curricu um was a
more powerful determinant of student achievement and,at itudinal
outcomes than was the curriculumiitself. 'Tighe (297) und,that the
teacher's major (English, science, or social science)., aia signifi-
cant contributor to his/her expectations for students/in the,use of

lish in Witten reports. in contrast, CarparelliY(42) did not
d evidence that a teacher's level of cognitive d velopment (formal

or concrete) was related to the cognitive level of the verbal discus-
sion in the classroom. Lamb (171) did find that e more the teacher
structured a lecture, the greater the students.' hievemenf. Hanley,
(194) found. that a significant contributor to st dent achievement and
attitude was the teacher's interpretation of th curriculum rather
than the curriculum itself. Bollinger (25) fo nd that a teacher's'
verbal behavior inthe classroom and his/her erso =t attitude toward
science had a clear impact eon student attitu e t rd science. He
found no evidence of a similar relationship een the teacher's non.:
verbal. behavior or attitude toward teachi a student attitude.

4

Teachers do make a difference. Giv,ii iisilar instructional
.

settings, these studies report some of t = growing body of evidenCe-
that identifiei specific ways teachers n enhange the outcomes of
Instruction. :40'
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students, Quint (246) compared the impact-f assigned study at home
. '124 with only in-school assigned study on parent attitudes toward energy

conservation. He found that the in-school group had parents with the
greater attitude, change. Collins (54) found that the leitel of enstruc-
clod was correlated with achievement(formal instruction with formal
achievement tasks) but that those correlations seemed to be independent A
of student; aptitude scores:

.

b

60

V
O

It a study of the impact of the tactic of using diagnostic tests,' .

Brown' and Butts (30) reported that, with 60 high school physiology
students, no evidence was fiSund that the use of the tests made a
'difference in.schievement. Nisbet aptitude students, hOWever, had a
more positive attitude toward the tests. Jones 1142) compared the
impact of using advance organisers with high achieving students and
with low achieving,students. They helped the former VOL not the latter.

.:::.1.ueckemeyer (184) found that using the mastery learning/remediation
tactic with 185-tenth graders produced significant achievement gains
and that these gains appeared to be independent of stOden aptitude.

used on these studies, exciting relationships betwe n.students
and instruction begin to emerge. Careful and thoughtful pursuit of
`hypothesized relationships can help map out-the complexities of
instructional interactions.

.

Summary

In the 142 studies intwhich the science learning outcomes of the 6

adolescent were studied, variations in these outcomes were found to be °

described in terms of the elements of these filters.
-440/

. The Student Filter (n 75 studies)
. .

4 CI
A. Gender - no consistent differences found

'. . ..,

B. Ability /Aptitude - higher ability Students do bet ''ter ....'

thsn lower ability students . ,---r

C. Previous Experience -'experiences relevantb the instruc-

. )( tion rather than just age; are
related to achievement outcomes.

4.

D. Environmental Variables - - ethnic origin but not home ,back-
ground is clearly associated with

... achieveMent and attitudinal outcomes

E. Personalogical Variables - the more ,Advanced the cogditive
.. development:of the student, the

betterthe achievement; earSin
. styles and other personality v ia-

./ bles werp fOund In too few st dies
- .

to establAsh a pattern ...
..

.
,

0 4. ,

4.

S-1

O



The Teacher Filter (n 3 i3 studies)

A. Teacher Knowledge'

B. Teacher Pedagogical Skills.

The Instruction Filter (n

A. Content

B. Method

.11
tl

J

too-few studies to
pattern

- too frw studies to
patte`tn

me 54 studies)

establish a

estabIsh a

0

current content in secondary
science is largely undisturbed
by current scientific develop-
ments

- specific instructional tactics or
strategies do make a diffdrence
in achieVement

O

. //

a



,

, SEARCHING THE SCIENCE LEARNING CONTEXT.
OF THE UNDERGRADUATE COLLEGIAN ,

College is the context for the completion of the academic foundation
of the student. Science knowledges, skills, and strategies 'are polished
through extensivesystematic surveys of the' science disciplines.

4

In this 'section, the research studies will describe new evidence
that the collegiate context is one that ,is undergoing a rapid trans-
formation.

*

.t

The Student Filter

In the science education research studies in 1979, 79
studies included !elements of the collegian student filter. ,These
elements have been categorized as gender-related va iablese ability/
aptitude, age/previous experience, environmental va iables, and
personalogical variables. In Table 8 a summary of he findings related
to the collegiate student filter are given.

In What Ways Are the Outcomes of Science Learning
Different for Boys Than for Girls?,

Gender-related differences in achievement and attitudinal outcomes
1

at the collegiate level were examined in 11 studies. In 9 of thl
studies, 'boys' and girls' achievement and attitudes were similar. These
findings seem to hold consistent for a variety of subject areas, e.g.,
chemistiy (Andrews, 8; Petrich, 239), biology (Bailey, 12; Walker, 317),
and pHysics (Krishnan, 163; Pridmore, 236). When0liacCurdy (190Y studied
78 superior science achievers, he found an equal representation of boys
and girls. Killian (153) also found no evidence of a gender-related
difference in- cognitive development. In a study of 1,014 nonscience
majors in college chemistry classes, Helms. (121) found that boys and
girls had similar expectations of science.

In two studies, gender-related differences wetie found. Vicks (314)

found that males did not show significantly different achievement in
biology than females, but they did score higher on career motivation:

(156) also found that males had higher achievement thin did
females, but that the females had a significantly more positive attitude
about audio-74utorial instruction than males.

At the/ collegiate level, the evidence indicates that boys and
girls wilVprnbabIy.achieve about the. same. 0

In What Ways Are the Outcomes of Science Learning Different

for Students of Differing Aptitude or Ability?

This element of the qudent filter has been described or measured
4, by general aptitude tests,*ACT scores, SAT stores, IQ, reading ability,

and mathematics/spatial reasoning. tests., , . / .
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.- Lost ,studies at the collegiate' level Lim searched for an aptitude/
inthievemefit aittiough.one study'(Dapper, 64) did not look,for evi-
-dence of such a link. eUsing thelAT as the aptitude ineasure with a

..-Samt0e.of-104; he "found no'eviilence.that aptitude-is related to attitude
toward sciences

In using the ACT 'score as ,the indicator of' aptitude? Killian (153)
found a significadecorrelation between it end the student's'leVel of

. -
4 cdgnitive development. With a sample of 130, filetcltier (96) also 'found a

significaritjcorrelation.between ACT score's and achievement` in chemistry%
Filson (94)-did not find evidefice,for a relationahipbetween geberal

. achievement:in'geolpty.. Barnes (143',failed-to find a
predictive-relationship,withtheverbal scores of the SAT and achieve-
ment in'chedfstry. .gowevit: she 'clia find a significant. eorfelation
between, the mathematics BAT score and chemistry achievement/ Baileye .

(12) used .ifeverbal SAT as an indicator and found It correlated signi--
, ficantly.with critical thinking, in biology. Pridmore (236) also found
the SAt to'c4relate with achievement in physics, in hii ia'iple of 117
collegian students; Andreds (8) found that mathematics SAX scores
coirelaten with,achievement, and grogOmongan and Loptui e231) found. 'them
correlated with chemistry achievement. In his study With 303 college
students, Balla61) did not find evidence that reading ability was
associated with. successful sciensg_achievement.

In two studies: student IQ was used as ah indicltpr of ability.
MacCurdy (190) found no evidenc that IQ was correlated with superior
science students but Cole (52) found that science achievement was signi-
ficantly correlated with IQ:: In,hii study of 196 students in computer

"' progiaiming, 'Schroeder (264)ound_thatNmathematical reasoning ability
Was not related to achievement.

... -

The trend is not utxpected College students who do well onA
\
\
standardized aptitude t sts tend to achieve:better in college science
classes;

r " .
in,What Ways Are the Outcomes of ScienceLearning Different for Studentsf Contrasting
Age or Previous Experience?

The co llegiat'e student's previous expe rience was included as an
- independent variable in 19,..itudies. In three studies, age was the

, indicator while in most of the studies high school or previous college
perfordatice was thought to be'related'tn -achievement outcomes.' As an -

ipdicat r of the element, no evidence was found that age was related
to chemi try achievement Petrich, 239), biology achievement (Vicks,

:314), phy ics achievement' (Pridmore, 236) or student expectations from
science CR lms, 121).

'High e heol'grades a courses were expected to be related to
'college.science achievement. In a study with 130 college chemistry
students, Fletcher (96) found at the high school chemistry grade.
was a significant predictor of c lege chemistry achievement. A.-
similarrelationship between high school physics grades or overall
high school:grade point average was not found. As was the case in a

/-.
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study by Andrews (8), Ozsogomogan and Loptus (231) also found a
significant correlation between high school chemistry grades and
college chemIstry'achieVement. In contrast, Bailey l2) found no
evidence of a relationship_between the number of years of high school
science and achievement in college biology. Barnes (14) also found
no evidence that high school mathematics courses, general grade point
average, science classes, or science grades were related to achieve:
sent in chemistry. In a sample of 117 students; Pridmore (236) found
that high school mathematics and general grade.point average were
significant predictors of college physics achievement. -Kamchaturas
(148) also found high school science 'nurses to be related to College,
biology test results. t

The mathematics skills that a student possesses have been used as'
an indicator of previous learning. 'Champagne et al. (44) found no
evidence these skills were related toscpcess in college physics. But
Trummel (307) and Pridmore (236) both found mathematics skills to be '

significant predictors of success in college physiCs. Bardoleand
Bardole (13) and Barnes (14) also found mathematics skills to be a
good predictor of success in college chemistry. Champagne et al. (44)
did find that a student's misconceptions (acquired in earlier science
courses) were a significantpredictor of poor physics achievement.
Ozsogomongeh and Loptus (211) were able to use a chemistry pretest

! (alsoa measure of previous science learning) to predict success in
college chemistry. Helms (121) found that students' nonacademic or
nonsclence reading interests were correlated with -what.they. expected
from science. '"

frevious college experiences as indicators, have also been explored.
General grad point average was found by 'Filson (94).to_be a significant
predictor of,Isuccess.in geology but number of quarters if .college,
college science courses, or college mathematics 'courses were not.
Vicks (314) and Pridmdre (236) also Tound college GPA to be.a signi-
ficant predictor of success in biology: Previous college biology.
classes did not seem tprhelp students, in Brumby's (31) study, their
A
understanding of biologicai. evolution. With a sample of298 toIelege
students,'Kirkland (156) found that their academic standing as upper
level or .lowir revel was significantly related to ch student science
achievement and altitudes toward7science. tith 8 '.students in his
sample, Hill (123> found.no evidence that GPA was related to a
student's ability to.visualize solutions to science pioblems.

.

Based on the numerous studies reported in 157.9, clearly'one'woUld
expect students who hANe had .excellent high school instructlioh-in
closely related subjects and who.are doing well-acadeiicallmin college-

.

to achieve well in college hciennexourses-..
or,

.
In What -Ways Are the OutcomesotScience Learning Related to theSt-7udent's Enviro.dmen tit

ft,Backgrounds?
.

Two dimensions of the environitental backgroundeletsent were.
examined in five research studies with college Atudents.in 1979.
No evidence was found in:two studies that home/family.variables were

A
t,

4
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related to achievement'in biology when theie variables were estimated
using size of home town or-type cd high school attended (Bailey, 12)
or where family size or income were used Vifts;

On the other hand, when ethnic origin or a related variable,

primary language, was examined, significant relationships were found
in physics achievement (Krishnan, 163), chemistry achievement
(Petrick, 239), and biology achievement (Noble et al., 222).

These fiye studies underscore this potentially powerful element of
the student filter. This element needs much more careful,study to
comprehend the meaning of this limited number of studies..

'4,

in What Ways Are the Outcomes of Science Learning Related to Student'sPersonalogical
Variables?

(

Logic would seem to indicate thatevel of cognitive develOpMent
and pattern of learning styles 'would be key factors thlt could be
expected toinfluence student achievement and possibly attitudes toward
science learning. Although this element was included in 17 studies of
collegiate science performance, in 11 studies no evidence was found to
support a hypothesized relationship.

-.Relative to cognitive development, Walker *(317) studied 44 students
in,a genetics course and found a significant correlation between fOrtial
reasoning ability and genetics achievement tests but a similar relation-
ship between cognitive development level and course grade was- not found. '

With a sample of 60 students, Davis (67) looked' at the iplationshik
between students' cognitive developmental level and theieachievethent
when the structure of the communication was the kerconsideration. He

found that formal students did well 4n low str#ctured contexts.and
concrete:students did better in higher Structured contexts. .4chroeder
(264) and Ward (321) both found formal students' achievement higher than
concrete students. In their study of 60 college physics Students,
Liberman and Hudson (179) found that concrete reasoning was asignifi-
cant factor in predicting. failure in physics achievement.
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In contrast to these studies where.the cognitive developmental level
of the student was useful in understanding achievement, no evidence of
such a relationship was found by Wiliam (61) for 303 students in'a
natural science course; by Champagne et al. (44) for achi4vementlin
classical' mechanics; by Filson (94), with 170 students in geolog ; by
Charoenpit (46) with 176 students in chemistry and Williams (32$M, with
861 science'majors and nonscienceimajors in chemistry; by Hill ( 3),

with 88 students in a probleb-solving achievement test; or by Cole,
in a. general science achievement test.

A possiblereason for these contrasting -results of 'the }influence
of a Student's level of cognitive development on achievement'maY rest
in the closeness` between the level of reasoning required for. successful
perOrmance on the achievement measure,' gsillustrated in Walker et al.
(318), the cognitive demand Of the Criterion measure may be more readily, .

visualized in a specific testhan in a general criterion measure Of
total course grade. :

OP
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Learning styles have been described as the "internal/external"
dimension of students' preferences, their "field-dependence," their
factual versus conceptual preference for course organization or a
406eral cognitive style as defined by Hull in Holm's'(129),study.
Yeany et al. (337) and Dapper (60' found no evidence of a relationship

- 'between "internal/external" preference of students and either achieve-
ment or attitudinal outcomes. Mackie (192) did find that field
Aependent students did better on both^achievement and attitudinal
outcomes than did field independent students. In a study with 121
students, DeLuca (69) found that students who were classified as -

factual rather than conceptual'in learning preference did better on
an astronomy criterion test.'

4

Learning style illustrates an element of the student filter that
needs a much more careful delineation and search before clear patterns
of its influence can be described.

Other personalogical indicators included collegian's attitudes.
self perception of preference, and motivation. Students' attitudes
toward their institution, the subject, and teacher were found to have
no significant correlation with biology ach4evement.in a study of 208,
community college students by-Mitchell (211J. But Kamchaturar (148)
and Cole (52) both found significant correlations between student
attitudes toward science and their achievement In biology classes.
Studentswith more positive attitudes tended to achieve more.

In studies where this element was represented by self-reported
perception or preference, Brush (34) found no evidence of a relation-
ship between a student's self image and either achievement.or atti- 40

tudinal outcomes /Crawley (55) also found that a student's preference
for a course did not seem to be related to attitudinal outcomes.

/
mile ViCks (314) found no evidence that motivation as an inde-

pendt t var able was related to achievement in biology, Dallam (61)
fou .that a measure of applied motivation--the student's study

.prac4teah-was significantly related to achievement measures in the
natorali.sciences.

/
pi "no-difference" findings related to this element, may be an

indicator that these variables are more closely associated with what
students do in learning science rather than the measures of the
outcomes.of that "doing." That possibility needs study.

Ciummagy

.

produCing a substantial addition to our knowledge of students and
learning. Based on the 73 1979 research, studies that included an

/ element of the 'collegian student filter, it would appear that boys
and giat.do.equally well in science; students who do well on start-

, dardiied aptitude'tests tend to achieve more; students with-highek
achievement in related high school courses do better in college

A

Study"of the, collegian interaction with science learning. is

02

0.
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achievement; environmental variables such as home-background appear not
to be related. to college science. achievement but ethnic origin is;
variations in personalogical variables such as cognitive development
level, learning style, motivatioi, and attitudes do not appear to be
related to science achievement.°

The Teacher Filter

68

Little is reported in the 1979 science education research about
collegiate science teachers. McKenna et al. (204) did find in a survey

' of 114 college teachers/that those in small schools (less than 3,500
students) felt they were isolated from colleagues with similar
scholarly interests and needed more communication. In another survey
of astronomy instruction in California, Eaton (86) found that astronomy
instructors at, colleges and universities usually had the& doctorates
in astronomy or physics, while less than half of the astronomy
instructors in community colleges had a degree in the field.. When an
instructor did have a degree in astronomy or physics, the instructional
and observational facilities tended to be better; however, no similar
trends in curricula or Library resources were found. Is completion
of graduate study'a'simple prerequisite for effectiVeness in influencing .

college science outcomes?' Boghai (24) studied the achievement of 310
college chemistry students in two instructional settings..-He found no $

evidence of any differences attributed to the instructors. Martin (198)._,_

surveyed the results of 1,000 students' ranking of the effectiveness of
their instructors and the students' grades as a second indica of the
instructor's effectiveness. He found no evidence-of a relat ons

t Thus, only a brief hint is found in these studies about how a
college teacher's knowledge.is, indeed,an influencing factoron
student lea' ing outcomes - -and an assessment of the college teacher's
pedagogicaUskills is an unaddressedquestion.

.A

The initructio Filter

A third pOWerful contributor tb the collegian students' achieve-
ment and attitudinal outcomes is instruction. Fifty-eight of the 197.9

research reports deteribe the impact of the content, methods, and their
interaction within. the atillege-sciesce-learning-Classroom: Most of .

the studies dealt with the development and evaluation of courses or
.explicit instructional strategies. A growing number of studies also
examined the relationship between insttuctionand student characteris-

. tic$ in an effort to better understand. observed variations on the
impact of the college science learning. context on desired outcomes.

. Table 9 sumniarizes the studies in the six elements of instructional
filter. 4a

I
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Table 9

Sdmmary of Number of Studies in the Instruction Filter

Element Number

Content

What ideis .

Content and.Stud4hts

What.ideas with what students

COntent and Teacher
1 .

Method ,

,
Content and Method

Content' + Method + Student

of

4

19

3

0

20

3

13

58

.

I.

In What. Ways Are the Outcomes of Science Learning
0

/4.

Influenced Ay the Contetti of That Learning?

Althoug h what a student can learn is largely govetned by the co
offerings, and most of the studies reported in the 1979 sources fo
44 the design, develOpment, and evaluation of soience courses fo
college students,some studies did attend to an analysis of th= impe t
of, specific content available for studentte Kyle et al. (16 and

4
Shymansky andPedick (270) described'the contrast in stude behavior

.1 in the laboratory as a function cif 06 science disciplin and revel of
the laboratory: Vannan (313) described the impact of cluding suggest-
ology in science courses on the achievement of studen s. .8111 (123)
found that adding Specific contenttrelated to sppti visualization

t

.4111
enhanced students',problem-solying achievement.

In the development of science courses, r earchers have designed 1

many courses to accomplish a variety of obj- tives. Im Table 10 a
summary of these developmental efforts in cafes that ih these studies,
four dimensions of curricular developme can be observed. In all the/

studies' there is at description of the _owls for-the course. In addi-
tion, two studies Illustrate hearth -e goals can be established.- Hoh y
(125) did An analysis oft problem lying in,phj?sics,. separated into fix

4 t : )1
skills. He then surveyed curre programs to sea which skills were r

.

present andNhich needed.to b- taught--as a basis for establishing 4
framework. Eanes (85) sury ed college instructors to .secure a " -

consensus as to what topi and objectives shouldobe included in a r.
anatomy and physiology purse,. Iniaddition to establishing the th ust
of the courses, the r orts described the specific materials that ere

designed to be used o help students reach the...WIZ A third as act

t 170
4 ka
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Table 10

Collegian Science Course Developient in 1979 Research Reports

Researcher Purpose

Collea & Nummeral (53) Course on Abstract Thinking

Halyard & Pridmore(1.16) Natural Science Course

Knoche. (160)
, .40

Mollifre% (213)

GertiOh-(104)

Dunn/(83)

St. Johns (257)

ltoore4(215)

Meyers (208)

Lorenzo-O'Neill (182)

i'
Kales (147)

San Julian (259)

Dubravcic (79)

Practical Application Physics

Course

Conceptual Based. Physics Course

Course on Air Pollution

Course in Ecology` for Non-
Science Majors-

Introphysics Lab

CAI for, Lab Experience

PSI Chemistry Course

Biology Lab for Bilingual
Students

Modular Chemistry Course

Ecology Course

Basic Chemistry Course

Framework
Objectives

x

x

X

x

x

x

x

X
x

x

x

x.

x

Materials . Documented/ Dissem-
Developed Evaluated inated

x ?

x

x

x

x

I;

a

-41
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of the course development is doamentation and evaluation. In some
studies, this was done by a p -post comparison. In others, a contrast
group's performance was includ . The fourth aspect 'is the description
of how the course will be sh d with others. In none of the,13
dev,elopment studies was this, information included.

While the content of college instruction is an essential and well
documented fops for study, the apparent isolation of these development
efforts and a resultant duplication of efforts are a real concern.

In What Ways Are the Outcomes. of the Science Learning Cioniext Influenced b% the
Interaction of Content and Students with Differing Characteristics?

In an interesting .study with. 93 students in two intact .classes, Scott.
(265) found that Student note-taking 'skill was positively correlated with
acadetic achievements Enhancement of student study skills'may not have.
a high academic priority but it may have a substantial influence on
academic success. Eisenberg (91) found that student achievement in'a

' general science course was correlated with the interest in the content.
But, Haley (114) found no evidence that student .involvement in the course
was related to either schie'vement or attitudinal outcomes.

.P .
. How students can best relate to the content Of college instruction
(and thskextent to which that content should be modified to fit the. ..._. studente7 is basical-ljt.-,an unexplored domain of the science education
research reported in 1979. .

, In What Ways Are the Outcomes of Science Learning Influenced by the Interaction of Content
and the 'Teacher? .4

In the 1979 repVrts of science education research, this element was
not found. Is this becauSe we expect all college teachers to be experts

'in all Courses they teach as well as experts in how to teach them?

, .
In What Ways Are the Outcomes of &fence Learning Influenced by the Instructional
Methodologies?

Boit teachers structure or present content continues to be a topic'
Orgigh interest to researchers. 'Some of the studies examined a global
or course-fat-tate& while others tended to look at the influence of a t
specif LL tactic on student outcomes. Studies of specific tactics included

,one by Beasley (17) who questioned the impact of physical or mental
practice on psychomotor skills as enabling factors in-chemistry achieve-
sent. In his sampie.of. 400 stuentit,L he found either tylie of practice

tsv their, combination cresulted In, significant achieveinent differences
en cosi:tared with ..the control group. With iO3 students, Blum (22) ..

*found thit the 'use of a structured game situation helped them overcome
lack qf essential knowledge.. In a studxsof 15 deaf college students.
Braverman 'et al. (.28) found that using visual rather than verbal clues- .

, helped thesestwdents acquire information on the _human circulatoty system.

fl
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In examining the im pact of visual clues, ntgomery (214) found that
photographs, rather than shadeddiagrams outline drawings,. helped,
the achievement of college biology stud nts. Kennedy (150) contrasted
teaching anatomy and physiology with v deotapes and conventional
laboratories With no instruction. W le he v,found that the.treanmeir
groups did better than the control, otemidence of a difference between
simulated videotape experiences i hands -en laboratory instruction were (.1

found. Stout (286) studied the e of demonstration models in a stereo -
chemicaL unit in organii chemise y and found that It helped increase
achievement. Noble et al. (22 compared the effects of using a slide/
tape or cineA.00p presentatio of,a microbiology laboratory skill and "'

found no evidence_of a Jiff ence on thelmpact.
t e

d on the usefulness of a discussion 'period
aspectq.of kinetic* molecular Oleo*. ke found

creased for 50 percents of students tested after..
0 percent for students tested after the demonstra-

eriod. Yeany'en al. 1336) also described the
d instructional procedure. With 95 college

nd that those who had performance objectives,

, and timely feedback did significantly better on both .

than those who had ,perfOrTance t.
y, Mattox (199) foutid that providing studenti with .

. either perf ance objectifies or topic `overviews' seemed to influence

their ach vement.

Tt3pri, the studies involving instructional tactics seem tck present

a pos ive collection of eimpirical evidence that sources of intormation
for- = students and the organization of thatinformetion are powerful
inf uences on the'collegian's achievement and attitudinal
e when specific charactetistics of the students or teachers are not

Wiseman (330) repor
after a demonstration o

-- , ---that achievement was i
the dekohstration to
tion and discussion
impact of a modifi

4 students, they f
diagnostic .test

achievement a
objectives o

.1

onsidered as variables in'the study.

The-studies inwhich instructional stqategies were 'the key Inde-
pendent variables seem` to fall in two grouft--those that Jxamined an
aspect of information source forstudents, expository lecturesot +
direct experience laboratories and those in whicl+ the control of the
information pace was a factor, i.e./ student control or teacher control.

In a study' with 500 college students, `Saunders and. Dickinson (261).
ar-ed-the_achievAdent and attitudinal outcomes of student, who had a

lecturelaboratorirftrategy with those who had.lectureldiscussion.
They found-that while both groriPs-ma4e significant gains, thdre was no
evidence .of a difference between treatmeri cLeod (205)' compared the
achievement and attitudinal outcomes of0.05 physic tuAents When.they-
were in. lectuie-labdratory or lecture only treatmentand-Thn
evidende of a difference in the outcomes ofthese two groups. Pau
(235) contrasted lecture-laboratory with lecture only and electure ith-
delayed laboratory. Those students who had the laboratory did signifi-
cantly.better on their achievement. Williams (327) contrasted present-
ing a problem and procedure before lecture with the conventional-pattern
of lecture followed by the laboratory. He,found that the experimental'
treatment students did significantly "better on both achievement
attitudinal ouk6me measures ofgenetics. Bodine ) ustd a'case-study

''''
'11.i

.
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approach as a guided discovery' for` a treatment group and compared the
outcomes with a conventional biochemistry class. She .found signifi-

cant differences in student attitudinal outcomes in four of the treat-
ments 'but }to differences in finil grades.

The'pattern in these studies suggests that when students and
content.and teachers are not isolated as some of the variables expected
to influence outo:!mest most students benefit from having access to both
expository and hands-onssources of information.

73

a

The extent to which the student. is in control or managing the pace
of information is another topic researched. Schlenker (262) inquired
into the impact of AT chemistry and found that students did not appear
to be'interested in acting in the role of pace managers. When Gillespie
(106) compared AT biology with conventional lecture-laborator*courses, .

he found-that student-managed instruction yielded higherachievement
(more Cis and. fewer D and F grades} than did, teacher - managed instruc-
tion, but no evidence of a difference in drop-out rate was found.

;Kirkland (156) found positive.correlations between AT instruction and
achiviement in,ginetics in a self-paced course but not in conventional .

lecture courses. Cise (48) reported that in a studenp-paced PSI physics
course.achievemeni was significantly higher than in a contrasting
instructor-paced course. OzsogomoriyAn (231) alsofound that student
pacing of instruction in chemistrywas superior to teacher - managed
instruction.

With the several studies est basis,'the importance of7!students
pacing their informalion flow seems toile a greater influence in their
achievement than their source o4 information. Maybe making the student ,

active in the decision-making process of when to learn reaLli results
in more actual learning tiee--which is reflected in higher .achievement:.
Study of therelationship between learning time and outcomes needs to.,
be initiated insorder to weitain if $he impact is real , theAtiftegy
or a resultant increased learning time.

. - .. . -. .
In What Ways Are the Outcomes of Science Learning Influenced by the Interaction of Content
and:Methodologies? A

.
.

.

.
.

_ .

. .

Global descriptions of
.

the impact of the total curriculum at the
college leVel were toss lrequently reported in the 1979 studiet than
at, other levels. Trowbridge (306). did describe theiresiata,pCinter-
views with 300 physics studenesand their reflection on the impact ,

their to al prograhs hid had in helping these to understand physics. .-

-.. Ramelink,(117) described contrasting"impacts of total Instructional
Aequence in laboratory courses in engineering and Rihsey 155) foUnd
that a course designed to have An impact on environmental knowlidge
.and attitude was successful in influedcing the knowledge of 141

students butnot their attitudar. 14,-. .. . " . -

..,/
4 .

. . ...
.

Research studies on theImpaceof:total curricula at the college -
level may bqof intereit.toeseRe deciSion makers, liut Lie practical

.
usefillness'of research for the instruchor may be so limitedrthat few g,
are attempa ..ng.stUdkes ofelehis element. -

/
, . t

.
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In What Ways Are the Outcomes of Science.Levning Influenced by the
Interactions of Content' and Methodwith Students with Differing
Characteristics?

Consideration of the impact of instructional tactics with students
of contrasting characteristics was found in four research reports.
Lucas (185) found that when all students' achievement was considered,
using advahce organizers did not seem to influence achievement, but,
when student, cognitive structure was matched with the type of advance
organizer used, significant differences were found. Students who
Junction at a factual level did better with factually designed advance
organizers and students who functioned at a conceptual level,did better
with Conceptually-oriented advance organizers. Davis (67) found that
formal students-did better with low complexity problem-solving tasks
whileConcrete students had diffiCuItylkith all problem-solving tasks.
Bailey (12) found, using a model of problem sQling asa tactic, that
the student's highschool experience and aptitude showed significant

. interactiohs
t
with the achievement variables., The teacher Was much more

effective with students'who had had a better background and had higher
aptitudes. Petricji (239) examined the impact of specially prepared

4 . material to. augment lectures and found that while general results
showed little difference, consideration-of the ethnic backgiound of the
student'showed significant differences. Some students seemed to be
actually hindered,by too much organized information about the lecture.

if When more global instructional strategies are considered, Yeany
et al. (337) found that the learning style of the student "internal/
external" did not seem to help explain the significant differences they
found in achievement between a diagnostic/remediationstrafegy and
using objectives.only. Filson (94) reported that students of higher

'process achievement had better attitudes in geology classes taught by
either expository or guided inquiry but that no evidence was found.

, that either the treatment or treatment plus student characteristics'
analyses 'showed differences in achievement. Chdroenpit (46) found
that an inquiry strategy resulted in significant differences in college
chemistry achievement by 1`76 freshmen buc that student cognitive
development was dot a useful predictor of success. Madkiv(192)
'studied the usefulness of .providing college' biology students With

behavioral objectives (they were useful), especially wheathe liafning
style (feld dependent or independent) was considered. 'Sbe found that,..4,..
with a sample of 316 ViolOgy students, the field-dependentliudents had
better attitudes toward the instructor; but there was no evidence of a
learningltyle/achievement 'relationship. Boghai (24) found that
labofatory before/e4ture was more efactive than laboratory after .

disCUssion with chemistry,studefiesof low 'aptitude. With the higher
aptitude students, the treatment strategy appeared to..make.little

/ ,

. difference. , ,

Ward (321) experime ed with a specially designed laboratory and'
found that, while the t eatment seemed to produce no difference in
achievement, a treatm= t by cognitive developmopt variable did.
Formal Students did ester in his laboratory se4bence. role (52) also

' found that sendent with higher,aptitudes and more positive attitudes` -

did better in mo lar,pstruction than did. students of lower aptitudes
or less positiv attitudes.

. .

-

I.
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_
When Vicks (314 Compared the relative effectiveness of a PSI

course in college bio)ogy with Student charaateristics, she found that
student. aptitude was a significant' factor in' explaining success.

qrdmmeb (307) found that the mathematics background of the student .

was a significant predictor of success when'Student-r#latld discus-sion ..:

was controlled with teacher interaction discussion in physics class.
The treatments were most helpful for students With-Weaker backgrodhds.

. 4. ..
. 4

. -A-.

Summary

In the 141 studies in which the science learning outcomes of the
undergraduate collegian were studied, variations in these outcomes
were.found to be described in terms of the element of these filter's.

The Student Filter -(n - 79 ktudies)

A: Gender

B. Ability/Aptitude

C. Previous Experience

D. 'Environmental.Variables

,

V.

- no consistent differences found:,

.0 higher aptitude students cid better

than lower aptitude studentS 4

-e excellence in nigh school expert:
ience clearly is related to success.
in college achievement

.-;.

- ethnic origin may be relate0o
achievement but too few studies
were reported to show a clear
pattern 4

E. Personalogical Variables - no consistent difference fowl

The Teacher Filter (n 4 studies)

A. Teacher Knowledge' - too few studies to establish a

.1 pattern

B. Teaphif Pedagogical Skills n too few studies to establish a

.

pattern

The Instruction Filter'(9 = 58 studies)

A. Content - content of instruction is clearly
related to specific achievement
outcomes

A , ,

'B. Method 1expositoty,and hands-on strategies

.. .1\

ts%

are both effeftive

$ 1
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SEARCHING THE CONTEXT OF THE SCIENCE TEACHER -

.- A somewjeat uniqUe. context of intetest to researchers in science
education goes beyond the usual K-12 a* collegiate contexts to thote
.earning experiences .in which the preservice, and inservice teacher is
the learner.' In this context, /1 number of studies were reported in

.1'979 in which the teacher-was the,student and explicit achievement. and
attitudinal outcomes-were 'expected. How this "acquisition phase" of
teacher education is related to the science classrooli or "application -

...phase" is repotted elsewhere. In .this section, the research studies
will describe the 1979 evidence thati,the science teacher's pedagogical
development is a significant topic Ncience education, research .

-interest-
e'

r.

The Stbdent Filter

In the science education research studies reported in 1979, 33
studies included elements of the student filter. The students in these
studies may have been the preservice teacielrs whoseexperienCe in the -

classroom wasprimar-ily that. of _informal petienCe or of some.-form of
field-based instruction. -In some of the studies,7he studerir-stas an
inservice teacher with quite a -range of _teaching. eisperienc: Studies
in this 'element were grouped' into the categories" o'fOsgender,- *bility/

'aptitude, age and previous exikrrence, environmental variables, 'and
personalogical..

I .
.

. Yr
,

s. c
.

In What Ways Are the Outcomes of Scietice Teaching Pedagogy Different for Men Than for'
. Women? .

. , s. . .
0 .,

. ..e. , .

In four studiqs, the outcome's. of /Adagogical instruction compared
men with women.' In only one study'wag evidence of a signifgant
relationship found. Marcum (196) fetfnd that women lekned more aero-'
space information than did "ken, but iheir.willingness4to use that
`information was similar to .mext. In cost ast, Ehrlich (9 ditd not
fine evidence of a gender-related differ rice in achievemen knowledge ..

related to energy conservation. Halvers n (115), MacMillan 1,91), and
Ehrlich (90) also found no evidence o,f enderrrelated14i. es 'no
atti:tudinal outcomest--. . -

0 .

In this nmited ickmber of stUdi C gender loes not appear to be a
variable of importance. In the one clse 'Iof difference it may have iseqn
a function of .lack of previous experience or, a measure of lack of know-
ledge that resulted in ttie, significant, difference.' t

. . . .4. . i
1/4 1

. .
In. What Ways Are the Outeonles\of Scienceching Pedagogy #.

. -

.
Different for Studentsof Differing Altitude or*Ability? -

C . . I
tip. studies were if in the i1179,re rts of research in which .

itaptitude or ability a su-Tes. were include . Is this because of -the*
. '' -s--,,,e.xpected homogeneltyb _the preseivice. or inservice teacher popuJoation? N

1;1";-"..
-

. "

sto. a

en
b



Table 11.

temearc.h Studies Related. to the Student Filter in the Science Teacher's

.
'PedagogiCa1:Develnpment Context O

Findings - --- ------ _--_,.rw
No. of Refated. to Rebated to

:Element . StUdies ' Achievement Outuromis Attitudinal' Outcomes

Gender,

Ability /Aptitude

'Age /Previous. Experience

EnVironmentalliriables

.Personalogifal.

5

18,

5

5

33

,

It

A > B A <- B ND A> B A< B

1 4

.: - -- _-
.

2 - 11 3r' 2

ti

- 4 - .

2 2 1
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Have the usual-screening protedures resulted.in.a de-facto reduction in
the variance o£ this element of-the student alder sto the extent' that a
study of this elelent is of little interest? OpareresearChers- afraid
that the distribution of ability levels that would be "(mind would be -cod
low and thus worrisome?

4.

.

In What WaYs Are the Outrles of Science Teaching Pedagogy -

Different for Students of Different Age of Previous Experience?.

a.

78. '-

In addition to a ceacher's age and previous .sciencealpourses, an
indicator of this element has frequently .been/the numberof ;years of
teachineexperience. As an indicator, a preservice or inservice
teacher's age has been 'reported' an independent variable in three-
studies. Cunningham and Blankenship (60) studied. 9.6 preser4ice,
teachers and found age to be a significa4 pre4ictor of the maturity
level of concerns they had about teaching science. Qith a sample of
138 inservice teachers, Halverson (115), however, dick not .find -evidence
of a' relationship. between age and attitudinal outcomes., Krustchinsky .

(165 } fOund similar results in his' study of 154 preservice teachers.

A second indicator of previOus experience is the collegiate tracli-

' ground "f the student's. -Tolman and Barufaldi .0011. tonnd,no.gidenCe
of a ref t*oilship between college- science hOurs add experienced . _ .

. teachers. attitudes toward-science,. - .Riley (25I/ fOund similai results.:
in a study with 90 preservice teachers. He did find, however., a sigri-
ficant Vositive correlation between the fteservite students and their
achfeifement 'in understanding science and in.performince of prciaess ..

Skilli. Halverdon. (115) found a significant but negative' correlatiion
betwien inservice teachers' college .science backgrounds and their '..'. ..

attitudes toward science., Trustchinsky (165Y.found noevidenCe of a:.
relationship between college grade point everageor number.of:iisurs'of
Acience or mathematics and ,attitudinal outcomes. MaCtlillan .0.90,..:

.

'Heaver et al. (324), and Gate (1623 also found no 'evideke ,), f ,Olition- ,

rship
between college experience, grades or courses, and attitudes tdwavd* :

science, or science teaching. ..
" -

. .' , - . i

A third indicato of thepreous experience element is the p1717.,
service or inservice achers' prior knowledge as isskssed.in pretests;, -

Shaffer (266) studied 7 preservice teachers and found that. thilPit.%* '.....

le'vel of moral reasoning. as an outcome Measure was significantly , ; z .: -%

. affsociated with their pre-measured Morel Stage. In a sample of a/81, ,

inservice teachers, Halverson (115) .found a' significant correlatiOri i,

between the teachers' pretested knowledge of Science Improvement %

Curricplum Study and their -attitudinal=dutcome changes.( - .

- -

k

- "... . . . ....- .

. ' . The ,fourth, and more frequently used, indicator of lement is
the teacher's years of teaching experience. Cunningham and Btfnkenenlp ,

.
.

(60) found that years of- teaching experience was correlated wieh. , "V . . ,... : A

. .

maturity.bf "concern ipservic teachers had about science i .V ., I.
_

.. ..
.,.-

, 'Tolman and Barufaldi (301)94.z:41r", found 'no evidence of i reIat ion- [
.

Shlik ,betwedn teaching experienc and .attitudes toward science. .
:"I.

Strickland'and Stayer (287):studild 410 preservice and inservice
teachers and. foUnd a negative correlation- betweea bothachievement

. .

1.

,
."

83
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and attitudinal outcomes. Those with less experience gaitied more Anow-
ledge about, ecology and changed .their attitudes the most. In contrast,
Halverson (115) fOund that the more teaching experience, the- greater
the attitude change. 'In three other studies (Gates, 102; Marcum, 196;
Ehrlich, 90) no evidence of relationship as foetid between either-
knowledge or skill gained or Itt ude change and number of years '
teaching experience.

. ,

, In retrospect, this elemen may be an important, ons for some
specific outcomes, but the gene al pattern suggests that. age or past
experience need not be consid ed a limiting factor in enhancing the
pedagogical skills of science teachers.

. -

I ; .

In What Ways Are the Outcomes of Science teaching Peda ogy Related
to the Teacher's Socio-Economic Environment. and Ethnic ckgrdind?

. In additionbto conventional indicators of +pects of the environ-
mental element of the science teacher:-,race and geographical' location, !,

the grade level that a Leacher teaches is included as an environmental
factor thou ht to Influence achievebent or- attitudinal outcomes. 0

MacMillan (191) reported the only titudy in_which the teacher's race
was on- independent variable. He found no evidence cif a racial

.. . - difference in either self doncept or in dogma' ism in 'i study
_. .

.: ' of preserrice fetchers. Str.,., ickland and Stayer (287). compared Indiana
. and Florida teachers" ecologiCal knowledge and attitudes toward -k

." ecology: They found Indiana teadfiers surpassed Florida 'teachers on --
' bOth outcome measures. Why this was true*epresents an unanswered (

question. Grade level-taughewasrepoitod in t,i3r:se studies -(Cunning
.

t nd, Slankenship ; '60; Tolman- and* 'parulald i ,.. 301; and Halverso6; 115). .

',A In allAree, no evidence was found to support the hypothesis that
grade level is a useful predictor of attitudinal outcomes. However,

i -Cunningham apd Blankenship (60) found that .the subjecea teacher teaches,'I was not related to the matvir.itrof 'their' concern about teaching. The'
we competent or comfortable teachers are withisubject, e.g., read- . ..
ing, the more mature are their general concerns. aboist teaching. t., A *

41 '

0
/ ,

TAUS , it appears that environmental factors in. general are 'not' _ -,
productive predictors of success of limi-ys' to achievement in .pedagbgi-.-.

.cal aoveloptrent. .

. ' .) -..
. .

.. 1.. s

''-' Ist-What Ways Are the Outcomes of S'iienceTeachlogPeaagogy , .1
--,....11trelatea to **Teachers' PersomOgicalysriables?.

T t .
TWA 'studies were found that explored aspects of this elemeht;

$hafter (26&) studied 56 pteservICe,science teachers' and found ;that
4those who were at the formal thinjcirig:leiel -of. cognitive deVelopmetit
achieved -a higher level of moral reasoni-. He- found, however; that
the leatiang: Style, (internal or exterqal) did.sictt seem; tol.showV 14 ,
sistiiar pat tetra. -In A Sample of 119 pr Vice teacheri;''Eri -.(14/) .,"

, also JotsroVno 'exiaende that students' ftarning styles anterna ,, , -. 1.. ..._ _ - external) wore related td, their perceptIon of what, they fhought should
the role of a science teacher.

,
4

1
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.

.

In the three studies that included this element, it was indicated

. by self concept, *aititudes, or dogmatism. Shaffer (266) found a "pre:
ervict teatimes' self concept and attitude significantly related to
achievement.. The precise use. ulness of t4e 'indicator of openmindednass
as contrasted with cpse&-m dedriess or dogmatism is unclear. Weaver
et Al. (324) found that the more 'intelligent, assertive, and Imagine-
tive teachers were, as meaLred:by .a dogmatism scale, the more positive
their attitudes science. rice (244) ford that dogmatism
teemed not ,to,be related to the science feact;er role as perceived by
preservice teachers:-

-
-

How perApnaluicef .variables influence the outcome of pedagogy
di ail area that remaini.largely unexplored.

.

.

- .

Sumththary.

Elements
of4,

the student, filter that appear to influence teachers'
acquisiticm. of 'knowledge. and titian in stlence teachihg were reported

-.$

33 scudleb. IdthesetXudies
age or past. experience- is -not a

- ethtirorimeriiil -factor.

Wei.not.'studket)*-

men' ppear to do as well as women;
sefuel Predictor, neither is an
attitudes and pprsonaiogical .variablei

. 6, .6 .
ihe'Vetic- heryike. : .'.' ." 71 i.

.4 . .

6 k

. Wenee. bOdthepi Arc the rodent s of :science teacher educators.

The:reitteirch,:oU-01.0 is. quite qui about the influence of these
ecintattiss.,,ii3ObtcOmes: ,,WilI'apti d Om 02 did repdyt - Oat t eacter, -

) edutatttrt Alre 1114chinori ideali tic a out -what and should happen
i the science, ssreoin th4trkare high ialool science. teachers. They

...vied science .1 .a leis prnctichl settee -ChanAid teachers. In a .

Survey by Oirens 230)* a sithllar result tins dbund--a much more

idedliitic view was held b science teacher educators thalo..by .high
school 4sCitilft:t eachers in his Texas sample., Price (244) reported

n intereskingstudy in wit h he found the preservice teacher's percep-,
1.0.9f the role of a science teacher to be significantly- influenced

py the teacher "educatoet: perception of that role. ,

ir

80

4.1e have very scant evidence on which to bade inferences aboutow

. knowledgeir and skills teacher educators need to be successful in w
ing with science teacher development.

ti

The InstrticheqFilter-3

at
k-.

.
. .

. . _

',

,

'.: : -The study of ways in. which science teachers can improve their
iKliegoacal skpls sonttntses .to -be4:.high- interest area reflected in . .

..;,' ,the 1979-'ret earth- repots. .- Ai-. summarized in Table_ 12, these 32 studies
oie.00s0y.OreCthd toward identifying.the- ifipactor either 'spec if ic

,..00ntentor.thore,Alsiial.clitriqq1a- fOr.pedagegivai outcomes, with some

at tioh to how:eltalents ol,the:InstrOctiodal filter may- be int er-

.

acii *with' iiie:tiude4 mei: ..- ..;:.. .. ._ ..
..

.

... ...., --......

,
-

1

I
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Table 12

Summary of'Studies of the Instruction Filter

Elements

Content

What ideas?.

Content + ,Student

What ideis with what students?

Content + Teacher

What ideas with wftt teachers?

Methods

What instructional strategies

Content 4-Method

,What .curricula?

Content + Method + Student

What curricula with what students?

I

No. of Studies

10

1

'3'

10

7

32'

- .

In WI Ways Are the Outcomes of Seieice Pedagogy, Infi toad by tbekontent of
InstrwtiOn?

. Vhile.mOst'of t e studies reintin to tle content of the pedagogi-
.

, .

cal'instructional filter related-to evidence specific knowledge
or pedagogical skill Coluld=be successfully acquire ,,one study 'reported
what high school biology.teachers-Wought should b taught to prospec-'
time science. teachers. 'James and ,Stallings. (138), reported a survey of

' 200 science teachers in which they described whatclhey belieyee

.
teacherl.hdeded-to knbw inorder to introd-uce-lalpratory. exercises,

-.care for-artese the teriariuM and 'agnaria,.conitructbiological
modals, procOrd and tise_iolebag4equipment; maintain laboratory
iipilitiesi-conitrict homemade:equipment, 4nPto be familiar with the

,
Aaiel nine-alp:I fariner_IPWoilld lie interesting if there were more
..., stediesiofe:this nature to pr4Vide C poof of practitioner-generated goal s%
with:_whieN7-program kontent,6614.be contrasted.. This goal delineation'

.
, .ls-,a.iirst.ptep Iii-cMOil-fqr;advilogng an'undsual program as des--

. .'scillied by 14itler-(38)1.-. Otbtr studies were a'n_eacaatnatiqn of specific.
--teaching: Skills:- These.aieriummariiidlaTaiiii 13., Betng able to

....'-.- provide-empiricai-evidorke:that a Cpecifii aspedt of pedagogy can be'
.

,

. .. ,

, -
I

,$

a..

a
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'Table 13

Summary of'Studies on Content of Pedagogy
.

Investigator Poptgation Skill

. ,-
. _

Crawley & Krockover (56) Secondary Presev00.

Wright (334), Elementary Preiervice
, 4

Dreyfus &Cohen (78) " 'Secondary Preservice

Lamb etal.(171)

Crawley & Krockover (57)

Bowden (26)

Lewts (178)

\ C.

/-

Secondary Preservice

Secondary Preservice

Elemen
%,dta

ry Preservice

Secondary/Inservice
A

Symglgtgt7(290) Elementary Preservice

Use of higher and lower order questions.

Using cues to help solve problems.

Using an obsermation scheme to understand
classroom, behavior.

*Using higher kretic stu dents in lectures.

DistinguiskinggEakive from positive student
classroom behavior.

Using an observation scheme to understand
Classroom sOdent bebavior.

Using student feedback and self analysis to'
change teaching,beltaxioi.,

Ways
4

to 'present problems to students;
s

92
-

I

Ys

ti



acquired is .ad important first step. Being able to show that it'Should
be acquired because it fieilitates productive seudent behavior or out-

. comes is a second question unaddressed in the science education research
remets of 1979. r

In What Ways Are the Outcomes of the Pedagogical Science Learning
CePtalt Irifluenced bysin Interaction Between Content and Student
Differences?

-In the one study-related to this element, Campbell (40) studied 40
preservice and inservice elementary teachers' reading comprehension to-
see if instruction in proceis skills would influence their performance.
He found that, ,while instrilcton did make a difference, no evidence
was found that the amount of teaching experience was related to the
achievement outcome.

Ma

In What Ways Are the Outcomes of the.Pedagogical Science Learning Content lnfl cad by

an Interacdon Between Content areTeachef.ChitiZtalibler r'
;..

. .In the one study related to this element in the 1979 reports, Price
(240-studied 232 preservice elementary teachers' perceptions pf what -

was the appropriate role of science if the clisiroom. While.he found .

.that this role' was significantly different for field -based versus mon-
field based methods instructio he also found that the methodi course
instructor was a significant e ntributor. Intuitively; we believe that

'what instructors value will in luence tbeir teaching. Hoy powerful

this infloenceis remains an a a of challenging research:

83

t
4-.,

. . In What Ways Are the Outcomes of the Pedagogical ScienceLearning Context lalunced by
. .

) the Instructional Strategies? v

Ok
In the three studies of aspects of this filter, investigatori were

attempting to show that an instructional strategy could produce a' '.

desired outcome. Bluhm (21)' us4a a sampe of 54 preservice elementar
teachersand found.that a hands-on inst uctional strategy as more
effective than",was an expository stra gy in helping students acquire
and use proCess skills. Horak (130) ontrested field-based experience
in open and self ccAr ained classes. th on-campus experience only nd

found that each wa effective for Offerent objectives. Deture ( 2).

in a sttidy with 42. preservice elementary teachers, found that, through
.video and. audio modeling, teachers can acquire better wait-tide '

performance. 40

Althouglethe studies of this element are few in number, they do
show evidence that how teachers have the opportunity to learn new
Skills cab indeed be an important factor ip their acquisition of
thoie-skilli. To whet extent is the method used- in acquisition, also
an important factor in the teacher's application of thoseskills?

.

°

ti

6

0
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In What Ways Are the Outcomes of the Pedagogical Science Learning Context Influenced h)
the Combined Content and Methods =- or Cuiriculum?

-

In the ten studies r¢Lated to this element, res rchers reported

on the 'cumulative impact of a course or a workshop n, specific teacher
achievement or.attitudinal outcomes. Koballa and ble (161) found
that when professionally relevant, activities wer incruded in a biology
course, preservice teachers' attitudes werebmo e positive. Kramer
(J62) also found that the inclusion of act iv ies in a biology, course

resulted in improved 'attitudes toward' cit e teaching. Piper- and

'Hough-041) found preserliiie feachers'at tude after a methods
course siereeignificantly different .fro the attitudes of those who
had not taken the?cdurse. Dunn (84) s died 59 preservice elementary
beacherdandfound that the methodsq arse helped them4to use prpblem-
solving stiategies.

When inservice workshops w e evaluated, Shrigley et al. (268) .

found that teachers had more p sitive,ttitudes towird.science and
their role; Spooner and Simp on 4272) found teachers had more positive
attitudes toward teaching ience. Myer (219)'found that the teacher
took more timelor the s ject (environmental education) and scheduled

//more;fieldtrips; Dalto .(62) lound teachers made'greater use of the
curriculuematerials nergyeducation) and valued them more; and
Gabel ane.,Rubba 0,0 found &evidence of attitude or performance

' differences..
,

.
, . r

In,Gabel d IbAba-(101) and O'Sullivan's (229) studies there is
a somewhat-un que aspect. The oueomes they looked'for were more than
activities d attitudinal changes. -O'Sullivan found-that teachers
knew more ut also used the skills in their clIssioom. These studies
show-th oodises and workshop ticipation are reflected in acqui-t
sit ion i More research's needed to show if these outcomes
are lated'to,wbat-feacherdAio in the classroom, to what their
st ents do, and to what their students"learn.

4

to What Ways /tile the _Outcomes dill* Pedagogical Scienie Learning
Context Influenced bfille Interaction of Content, Method and Stilt lent
Characteristics?

V

The seven studies in this eleient differ from the curriculum
element mainly in their added dimension of asking with what kinds-

, of students are courses or workshops effective. 1While Weaver et al.

(324) did-not find evidence that field experience influenced achieve-
ment and attitudinal outcomes but when pltonality'factarsvere
considered, a different effect was observed.1,The and dogmatic pre-
service teachers were, tbe greater their benefft from field experiences.
Krustchinsky (165) did flat find similar evidence it his analysit of
student characteristics on theimpact of field experience with pre-
service teachers. In his sample of preservice teachers, MacMillan
(191) found that the course itself was a'factor in influencing change
in their jell concept and dogmatism scores. Shaffer (266) determined

that knowing students' cognitive levels and attitudes was.essential

84
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to finding how much a course influehced their achievement. In a sample.
of 138, Halyerson (115) foura'a negative relationship. between teaching
experience, college science background,, and how much teache's gained
from an inservice course. -Marcum (196), however, found the a teacher's
grade lelielws not a helpfu predictor of knowledge acquis"tion in a
workshop. Gates (102) described a model for an inservice kshop when .1"1
teacher`-characteristics were correlated with outcomes., he, f und'that

all teachers' seemed to gain equally well.
4

.' Summary
.

In the 68 studies in which the science learning-outoyeeV s of the
context of science teacher preparatiot were studied, variations in
these outcomes were found to be described in terms of the element of

. these filters.

The S nt Filter (n = 33 studies)

1

A., G

.1

a. Ability/Apt it ude,

- no,consistent differences were
found

ao'studies were:found of this
. element

7.1

C. Previous Experience
6

- as indicated by courses or number
ofyears of teaching experience
does not seem to be associated ".

....

,with outcome variables'
b

-D. Erviironmental Variablee. \ - np consistent 4ifferences found
? / i .. .. 4

.

E. Personalogical Variables. - too few studies tb Astablish a 40 :
.1

t
. ),

pattern

Ths Teacher Filter (n = 3 studies) .
... i

.

A, Teacher KnOWledge - too few studies to establish aj. '.

. . . 1,..tti..4 pattern
441. ,

a

,

.,

B. Te her*Pedavigical Skills oo few studies to establish a
atteru

..

14,

The Instruction Filter (a =,32 ies) -

A) Content' '- teaching skill .tan be acquired

S. Method - how teachers re taught is an
unexplored area of. science educe- ...

tion'aesearch

R .
1-444.1
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MEASUREMENT INSTRUMENTS FOR ESEARCH.IN SCIENCE
EDUCATION 0.1

'86

In the more than 340 research studi s' reported in 1,979\ 16.des-
cribed efforts to deveblip oi improve the easurenlent toolsresearchers
need. A hypothesis that an e.,lenient of a iltet is related to or is
influencing the outcome variakles must be eked with valid and
reliable instrumentation. Sine most'of t e independent and dependent
variable§ in science education research re, ire indifect measurement,
the instrumentation needed to conduct resea h in science education
becomes even more critical. While other stu lee did include the devel-
opinent of an instrument as part of their proc 'dure, the studies described
in this chapter include those for which measu -ment development was the
primary purpose of the research.

Of the 18 'test development studies reporte in 1979, 9 dealt With
the measurement of achievement and attitudinal o tcomes; 4 described,
measurement of elements of, the student filter; a d 4 focused on an
emerging variable: teacher behavior in the learn ng context.

To pr'''ovide the information that a user needs, a study describing a

measurement sch'eme should include:

4
a) An operational definition of the construct Ito be measured;

b) A discussi n -of the alternative means that c uld be used to
measure tha construct;

c) A description of the test strategy used inclu4 ng directiOns
for its administration;

d) The estimation of the validity di the test'in,messuring the
construct;

.e) The estimate of the reliability of the test in measuring the
construct; and

f) A description of the people for whom the test would be useful.

In Table 14 the studies reviewed in the chapter are summarized At
their reports reflect these 'six criteria.

Tests Related to Elements of the Student Filter

In four studies, instruments were described that can be'used to
measure the cognitive development functioning I4vel of studies--part
of the persohalogical element of the student filter. DeLuca (69) used
384 ekementary through.high school students to establish the needed
documentation of a test ocombinational reasoning, He used an elec- .

_trohic simulator to measure the construct rather than a...niere conven-
tional clinical interview technique. No report was giveri'of the

,validity or reliability estimates.for the test. Stever and Ga 1-42.r)

fl ry

'0.
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77, Table 14

Summary of 1979 Research of

Study

What is the
CONSTRUCT
medsuAd?

Are
altkimativ
measurement

nstrument Development

strategies Is the test Validity
described? described?' , estimate

A. Stu t Filter

Dan (69) 43mbinatorial-- yes
xissoning

St'a er & Gabel' ,formal thdught
{28s)

/Walker, Hendriitformal,thought:
4 Mirtens (31 )":I

Nilakofsky tbought
Patterson (209)

11.'-Outcome Measures,.

Tie' 1. Athievement
.7

Wolfe 6.'11 lek-

kinen (331)

.Alani'(6)

Lang (1,2)

Torrenc et

'al. (302

. .
.

higher cognitive
learning in
chemistry

scitvhi vement

e

ac

metric skill.

achievement

yes

_yes

yes

no

no

yes

science process yes
skill achievement

fl

Reliability
estimate

Is
potential
nseffaLness

of
describe'W

yes (ET). .

. ,

yes (PLOT)

yes (PTL)

yes (TpDT)

yes,(TRCLIC)

yes (ASAT)**

Yes (TOMS).

yes (TTSP)

'Ns/

no

tonvergence.
discriinination

construct

-concurrent

.no

internal con-
sistency
no

Ny

test/retest

construct
.

Internal con-
convergence. sistencymk.

Con istency
split /'halfinte nal /

no inter4a1 con-

-

sistery.

no

yes

.yds

Yes

yes

no

yes.

ce

ti



Study

2. Attitude

Downs (77)

Shrigley &
Trueblood (269)

What is the
CONSTRUCT!
measured?

StUdent,attitude
toward classroom

teacher attitude
toward metrics

C. Teaching Behavior

DeLuca & Downs (70) teacher behavior
preference

Suchareekul (288)

Fuhrman et alb. -(99)

Shymansky &Penick
(270)

Teeny & Capie
(338)

teacher inquiry
behavior preference

:student behavior
in laboratory

instructor &
student behavior
in laboratory

instructor &
student behavior
with process skills

Are
alternative,:
measurement

strategies t

described? i

n/a

yes

yes

n/a

n/a

no

na

1

/ yes

1

1

4'

a

Is the test

described?

n/a

yes (AS)
0

yes'

yes

yes

yes

(ESTP)

Validity
estimate

n/a

Reliability
estimate

'n/a

contact no

validity

content & n/a
predictive

'validity

(IPST) content

4talidity

(UMW% n/a

(sup- no

(006'

Is

potential
usefulness
of test
described?

n/a

no

yes

-

Cronbach alp ht no

n/a

no .

. "

no

rata

yes

yes

30"

s

0
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.'4signed thelCiaget'ian-liosigal Operations Test (PLOT)tas a myltiple-choice,-,

group-adirdstere-Ctest:ss, an :altetiiat ive t:-.5,. calf ocal interviews. They
reported- est=ablishing both cOhlrergence and discrImincence validity and a
reliability est:intat.e.of --85 based.-on internal' consistency. With S6
college students, Walker.,.Hentriat, and- Mertens (119).,.also developed a

>lest of formal, thought. that inclUdedt isrpeosttfOnal and .combinatorial
logic and.rtypothetico4kleductivereasoningtasks. Fot their P.taketiari .

Task .Instruthenti-(PTI)- they 'repoorteir.'a Constrict .valid!ity bait, no . .
reliatVty *fit imate.s tyere- given. .14th'ii sample of 5/0' elementary
through college -aged studentg, Ntrikofsky aid'Patter-son, (209) described
Another. groin idmintstered:rast. of., formal thOdght. Their
included a desciiniion 0-Concurrent Validity' for the test. . a test--
tetest rep4bility: pf. .48: , e ,., e ..

T ''i ... - . ,, ,
. . ,- .' - :.

,.,/* ,. .. ..

Tests kelated tti Outcomes ofgtience Leaining
.\ ..,.

:..3...
% . . % v. . . . . .

.. ; . Four tests of achievement outcom *ere found. in the 1.919 research
reports. . Wolfe and,"Hietkinen (331 esctibed ..a t st to measure, student -
achievement...5f, higher. cogrativ egrning in_ chemiscry. They repotted
a construct valititY eitima, for the test and a le iability'es intate--'
based on'test bomogeniety. Alan' (6) develoPed a t,st-to stiryt,' 11-',' :-"../ '°:.-
liapact of an 'elementaty. science.tUrric4um n Iraq $ -grade 'students. i

, -tang 472) designed a criteriori ref,e.ren d test to 'Sure Metric skill :.

achieVeme#t for use with' handicapped tudents. ,,,,, ce'qt-al. (302) ,.

reporteaion,a`modified version,of process*. kill test thaf was designe
to be adfrinistered via teleVia" n. No va y ot% rel ability est i-, : i

. . eraateswere included in the/ port.- ., -1/4/: / .
- ,

le 4., . .

'' Two std i repo errthe d ent of ,a measure 9 atititud'ina
ouecoipes: s (.7/), on st attitudes toward the cl ssroom an .0

...

Ilt-i 1 nd Truekood (26 er_Attittities tow mettics- .4. ,:,., t
. -..-

. - ,.,
1.,, . - In ,four related' Searchers exOlo in e -.4

ests-Constidcti *mice variance served ent.
:

89

v

.

outcomes'. "1Fri onjv (98) found at ,in a iple, of e
,4 - -. miestions, a aces t °tithe distrgc immedia y bear: e'. , '

--" key alte t.ulty of \the ise ., Abu7Si'yf (1) found t ..,
4 . ,

requ s to Identify PrcorOct an ncorrect res onses ,...
to °ice, quest ions ig ikni,ficant 1 more ili f f icuL t ban. in .the %Fre res cafes, Warren (323*).1Jet(< fined that .

of a, -East -2'y-it 'ice or essay -a-did riot' alte the siild'erit

4

.
: t

ech' )frealent-tut that 'e -choke t"(ts-vire easier to rade. 01

llida 'and Partr 128), found )t at -stu s' did bett r on'ttests
whic ere seq ple t4-.1 hard E an on tests -

th were ran 3. equetyced.
..'; 4,

-4 f

I. ti

. .
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T e s t s Related to. Teaching Behgvior.
. , :

. I , . I ov

',In* four siudies,,teaching behavior and teacheristUden interactions

were the constructs that were measured, -DeLuca and,DOwna d70) described
°' a strategy fOtmeasurcing a teachers' ,preference forhigh,teacher control

or higtoseudent,control of tht7classroom learnirig Conteict. uchareekul
'(288).7a1 to.developed44 test to measure a teaCher's,pr4ereace for using..
inquify,eachInt strategies in the science classroim. .

. . !

.,
-

. ..

%:. Ailhat.students..do in the.icienCefclassroom or liboratory.ks-kh.part
a-fUnctio.n%Of,the teaCher.r-,tuhrman et al. (99) described a ya? to ;

.measure the. student's behavior 1n the laboratory. 44hymansky and,Penicr
',('27O) developed a saheme to Analyze -the teacher. and student interactions
in the college'science laboratory. Yeany and Capie (338) !designed an .

obseivational scheme to assess the teacher/student interaetion related
to SpecifIc.prociscskills.- .. ..

''' .
$:'

o. 0I
. . ..

*e.
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LOOKINO)3A6K TO LOOK FORWARD

Trends n ReiearchDesighs for Finding
, .

i
.

h e. Ordei of Things"

91

In 1979, the research de- ns by which science education researchers
searched to'find an "order ideas" in the "order of things" illuit,rates
a _crea44'd iveTsity. A= n4iCated in Table 15, five of the 'six tesear.ch

..
.

strategy categoriessw represented in 336 of the' 340. studies. .-ln pnly

' 'five studies were t design'ilescriptions so sketchy as to make their
, .categorization n. T /Ossible. ,

,-

. .

. -

.

al and survey-type research accounted for/14 percent 'of the
studies ported. - In these studies, data from pa events were recorded,

. and i 4reetation.made based on patterns 'bbser ed in these data. "Know- .

,ing ,at was the ordetof things of the past, s one useful way to 1

4 erate'S basis for action about' what can - be done to nurture science,
,teaching in the future. .

Table 15
4.,

, e
,Categorization of the Research Design Used inhe 1979 Reports.

of Science Education Research .

Number `.Percentage

Describing Strategies

1 Historical

2. Futurist ic-

3. Naturalistic

\Z.:-
Improving Strategies.

Exploratbry

'Experittental

3.. Engineering ,

Unclassified'

49*

r

14 .

.b
.

,.. ..
26

....
-. .4 ' k /

-
, f

. . /
I

.1
.ot

. .I1 ...,

N
.. .,

94 . *. eo , . -

-,r... .
S3

. -. * ;11. ', *.

1.32 , 0, ,... %
,:,..

.. II, ,:d

54 1,6_ ... ,
.

,.
' `1

1'% ... ..
2 . -. . 0 t

. .
... . 41 l i

./

r
5

t
e

lo

.
. ' . $

' 1, r .. :

. Although futuristic research h4s potential for _helping identify
what is and what should 'be, no studies were found, rn the. 1979 research.
reports that fit this category.

4
,

. .
,.. 4 .

Naturalistic research illustrates a' category of. study which has' high '.
potent ial but inf reghent usage. An, indeOt h. descr ipt i4n of 4 ,science .

classroom-Or learning event .frol the perspective of many obserVers can .:.-.

"help providd a rich basis of' hypptheses about that event. "Six studies;-

or 2 peicent of the 1979 research reports, were naturalistic studies.
- . . / . ..'

e .. #I ....Or .w

: * 10 '

,
I * ..
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.

In the 94 st lest t illyserate.exploratory research:three
research design wefe'use'f.or data! collection. In 66 studies, a
postt'ese4anlY design was used i.e., data were collected from a given'
sam at a given point of EiMe.and then correlations obtained between
e obnemations and:spaaftc student or teacher filter variables.

--
In'these9tudies thebaiic question was "Aie student or teacher
variables cOrrelated.with outcome variables?" In 16 of the explore-
.tor ,studies a posttest data collection, followed a specificinstruc-

onal,prpetpant4. making the_question thereby, "Are.s'iudent or teacher
variebles correlated, with outcome. variables when they-have a specific
,instructional program?" No control gfoups or randomcielection of
niUdents are found in studies of this group nor in the 13 studies.
where a pretest 'was added to eilhe design, In the 13 pre-post test .

designed studies,the research quention was "Are student_or tegcher,
variables correlated with changes in outcome variables'when they have

.'..had'a specific, instructional program?" From these 94 studies, resear-
chers searched to find an "order of things" on which to hypothesize an
"order of ideas."

in 132 experimental studies, or 39 percent of those repOrted in
1979, a variety of designs were used by researchers in tile attempt to
,vetify an hipothesized "order of ideas." Figure 4 illustrates the
key differences in these designs- -the' strategy of selecting:sub3etts..
(randoms. nonreAdom) and the use-of control groups. The strength
of ttle-concluslons--the."ordee of ,ideas "- -that come from these 132
studies' fit the extent to which:the design lends, credibility to the ,

outcomes and generalizability o the findings. While many studies
did.use intact glasses or nonr dom selection of subjects, the pro7
nounced reliance do control giou s does strengthen the generalizabi -
Kies" that are described.

. ,.--\ - ,'''. ... . - 4( .

,hgineering studies include-those hat ,described the
.

",
-.24 .

deVelopment
.,.. of a curruculum, a couise, a test er an instructional.module. In the .

..

..," . 14-studiesin tiiis%ci'eegory; subttantial attention was given to.the
'blear description 4f the goals 9f the-product and the means f9r

' achieving those .goals as well as some documentation of how well learners
did when provided with instruction based on'tbe produc. A dimension
that 'is needed iaaterIt on to*the task Of dissemination-of these pro-
ducts (especially 'et Else': lege level)." In the 1979 reports, the

lated'frapientation-ot:e is may well encourage duplication of
the erne curriculum deVeIopment forts. Sustained efforts in dealing

,with hOluestion "Who should know ut this product?" will help link
. ..:.itit Producer and the consoler of, these portait research products.

i
. ' ,r Ths,- 2, i

While'the obvious emphasis, 4in the 1979 rsearch reports was on,' . i t.

exploratory andel4eriumntal'research (67 perc ent), the results make

.
. , ' :Aveobering obsetvation necessary., We 'knowse little more.ahout the

"14ider-of.neas" based on our search in the "order of things." Could
le leAm more if.wd were 'to spebd a, higher amount Of our time tw,
Aescribingtwhat is- -a -a higher risk reniarci.L-Irather.than it. our current,

-
1

emphasis in attempting to shocilihat eleMint4causes what outs' es and
/ then finding that no dif4eKendes:areo.bnervable? Do we need to nvest'

,

. .

1

. .

. ,
Nt ..

'). . '

s
1

'Is
-.

t

z .
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,

more effort in finding the "order of tffings" rather than attempting to
prove that our "order of ideas" is indeed correct? In our search, are
we attempting to.make thq "order of things" fit,our "order of ,ideas"
and'the "no significant differences" are a message that'communicate's
that our' "order ofideas" do not fit the real world "order of-things?"

.
. ,

.

i

_

Selection of Subjects
Random Nonrandom

.

/Pre /Posttest

Obntrol Group
.

34 42
.

No Coptrol Croup 0 2

Posttest Only .

i

Control.Group
.

25 '24

,No Control Group
.

0 2 .

Soloman 4-Square
..

. .

.

2

.

' 1

4S

S.

Figure ,4. CategorizatiOn of experimental 'research studies.
.

.
Trtmmislq the "OrderafIdeas" Based pn the "OrderofThinge', -

e)

After an intensive examination of the "order of tbings" depicted.
in the science education research reported'in,1979, n "order of

s ideas" emerges.. Genetalizing from the studies rel ed to the'learning
context of the elementery'school student, the eme kng adolescent of
the middle/junior highschoolt.theadolescent of the high school, the

. collegian in undergraduate science classes, an he teacher, ari "order
of ideas" evolves abbut'yaKiablas,that.have a pent for influencing
achievement and attituanal outcomes. the challenge now remains for

- this order of ideas to *subsumed, the relevant cues ereeived, and'
responses thade:appropriate res .

.
. .

. .
A

Based on one primary ;source of cues,. the student filter, Table 16
illustrates the extensive attention this filter has 'received. -The,

..

order of ideas that this seaichdescribis is that boys do about- as -

well as girls at all leve]A. Consistently; students with higher ability
or aptitude do bettevthanitheir peers of lesser endowment. lnitfally, -,

previous experience.serves make little difference in achievement
or attitudinal outcomes but, as the studen't ptogresses in Achool, Oei.-e
appeais to be a cumulative impact of experience 6n.schoorIng outcomes.
While many environmental varlables ha e-been.briefly examined, ethnic
0404 is the one that consitently s Ows to be a significant contribu-
tor to achievement. In ever. study i whiCh this variable was exmioed

,

\-

ilbite students* bettertha Hispanic students, and both of these
groups do better than blacks'. The personalogiealsvariables.are a mixed

.

1

-.: :. . , .. ,, ? , .0.. ,,'

. .

11.40

,

,'
ti
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Table ,lb

SumMary_aAnothIsized Relationships of the Student Filter with Achievement and
.

1

-_

-Attitudinal Odtcomes

.

Element

Junior 'Senior' k Tpacher.;.

'Total, Elementay 'High High College Education'

'Cenclir

Ability /Aptitude

Previous 'Experience

Environment41

:Personalogical

w

,

7, .1

I.

I 4,

ae

--,_

60 . '11 . !lb . 17 11 ,-----5-

I

51 16 ? 12 10 P 0.
;

.,

80 9
\
11 16,

. ....:

,

:'31
. ,

'.4 . 6 11

.

%.'

Iv

11

4,

74 17: 21

296 45 75

t.

oO

24
.

4 5

26

79

,
0

.4%

i
4-8'

5

5
TT

,

...,, 44

10-) mi0 4.
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Table l?'

SUmmary of.HypothesizedHypothesized. the Tpacher Filter and Achievement/
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Table 13,

. .

Summary,or,the Hypothesized Relationships of the Instruction Filter and Achieve-
. went /Attitudinal Outcomes

, . .
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98

When method or,instructional strategies and tactics are'examined,
the "orderiof things" observed strongly suggests that the "order of
ideas" can be more precisely established where specific tactics are
related to outcomes rather than in the case of more 'global courses or
course methodology studieb. Unexplored in these studies is a key
question about how specific insttuctional strategies can enhance what
a student doeswhile in ihe classroom. It is in this domain that the
greatest and possibly most exciting research potential exists.

Establishing an "order of ideas" from,observed "order of things"
is a challe9ge, for in it we can describe ways teachers can enhance
student' learning timewhich,in turn will in ease student achievement
and attitudinal outcomes.
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